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NATIONAL ADVISORY COMMITTEE FOR

RESEARCH MEMORANDUM

AERONAUTICS

LIFT, DRAG, AND PITCHING MOMENT OF LOW-ASPECT-RATIO

WINGS AT SUBSONIC AND SUPERSONIC SPEEDS

By Charles F. Hall

Results are presented of a coordinated investigation to evaluate the
lift, drag, and pitching-moment characteristics of thin, low-aspect-ratio
wings in combination with a body. Wind-tunnel data were obtained in the
Mach number range from 0.25 to as high as 1.9.

The investigation of a series of 3-percent-thick triangular wings of
2, 3, and 4 aspect ratio showed that the lift-curve slupe w@s predicted
satisfactorily by linearized theory except nesx a Mach nuniberof unity
and over portions of the supersonic speed range. As predictedby linesr-

. ized theory, the aerodynamic center moved aft with increasing Mach n@er
at subsonic speeds, the over-all travel increasing with aspect ratio..
The data indicated that, in general, it woyld be more accurate to calc~~

e late the drag due to h-t at supersonic spe&ds, assuming that the net :
force due to @e of attack was normal to the wi~” chord than to use
available theoretical methods which consider leading-edge thrust. .-

The investigation of a series of 3-percent-tMck figs having Sw?t-.
back, unswept, and triangular plan forms of aspect ratios 2 and 3 showed
that, as predicted by theory, the lift-curve slope &reased with increas-
ing sweepback, but with increasing Mach number &Le effects of PIU form
and aspect ratio on the lift-curve slope diminished and essentially ‘.
vanished at the highest supersonic Mach number of the investigation. me
over-all travel of the aerodynszniccenter decreased with increasing swe~.

The investigation of a series of triangular wings of aspect ratio 2
and thicknesses of 3, 5, and 8 percent showed that the wave drag was pro-
portional to the thickness ratio squared. The tiag due to lift decreased
with increase in thickness ratio from 3 percent to 5 percent, the effect
being most pronounced at Mach numbers of 0.9 and below.

A series of wings was investigated to determine the effects of
b thickness distribution. The results showed that, in general, wings with

*
shsrp leading edges had a lower value of minimum drag at supersonic
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speeds above those estimated for attachment of the bow
value at subsonic speeds than wings with round leading
of airfoil section on the drag due to lift were small,

wlcARMA5330

wave, and a higher
edges. The effects s

however. .-~.

The results showed that twisting and cambering a triangular wing of
aspect ratio 2 reduced the drag coefficient at a lift coefficient above
0.1. Such benefits of camber and twist did not occur, however, if the
component of the free-stresm Mach number perpendicular to the leading edge
exceeded a value of approximately 0.7.

—

INTRODUCTION

In selecting a wing for a high-speed interceptor airplane, the
designer has the choice of a large variety of possible shapes. Since an
intelligent selection requires a knowledge of the effects of the various
shape parameters on the aerodynamic characteristics of the wings, a pro-
gram to provide information was formulated at the Ames Laboratory in the
latter part of 1950. The purpose of this program was twofold:

1. To investigate at Mach numbers from 0.25 to 1.9 the effects of
type of plan form, aspect ratio, thickness, thickness distribu-
tion, and wing camber and twist for wing-body combinations.
Such combinations would be selected to minimize the effects of
other differences generally present in a comparison of data
obtained from several facilities, such as body shape, body size,
and Reynolds number.

2. To provide data at supersonic speeds to fill the gap existing
between tests made at low Reynolds number over a range of angle
of attack in small wind tunnels and tests with rocket-powered
models made at high Reynolds number, but generally at zero lift.

When the program at the Ames Laboratory was first formulated, it was
realized that a considerable period of time would elapse before Its com-
pletion because of the time required to construct smd test the models.
Furthermore,it was desired to maintain a certain amount of fluidity In
the program so that parts might be added to the program as it progressed.
Because of the time involved, it was decided to expedite publication of
the results by reporting the data obtained for each wing-body combination
immediately after testing. These reports (refs. 1 to 17)were brief and
no analysis of the data was attempted. The purpose of >he present report
is therefore to cmupare and to analyze these data. The data will also be
used to ascertain the adequacy of existing theoretical solutions in pre-
dicting the lift, drag, aridpitching-moment characteristics of low-aspect-
ratio wing and body combinations.
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h The large amount of data obtained during this program prevents a
presentation in graphical form of all the results. However, for the
interested reader, all the data are presented in tables I through XIX.

*
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SYMBOLS

aspect ratio

wing span, in.

drag
drag coefficient, —C@

minimum drag coefficient

liftlift coefficient, —C@

design lift coefficient

lift coefficient at maximum lift-drag ratio

pitching-moment coefficient,
yitching moment

qstz

(The pitching moment is referred to the quarter point of the
wing mean aerodynamic chord.)

local wing chord, in.
~b/’c’dy , ~

mean aerodynamic chord of wtig, 0
~“
o

section lift coefficient,
section lift

qc

root chord, in.

rate of change of lift coefficient with angle of attack at
zero lift, per deg

rate o-fchange of downwash angle with angle of attack

slope of the theoretical lifting surface, with respect to a
horizontal plane
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F force on wing due to angle of attack, lb

L

L/D

t

M

m

%

n

Ap

q

R

r

r.

s

6

t/c

u

w

l?ACARMA53A3Q

lift, lb

lift-drag ratio

maxhnum lift-drag ratio -.

length of body including portion removed to acccmunodatesting,
in.

free-stresm Mach number

cotangent of sweepback angle of le@ing edge of uniformly
loaded wing surface or sector

cot A

arbitrary positive integer

pressure difference between upper and lower surface of sector,
lb/sq ft

free-stream dymmi.c pressure, lb/sq ft

Reynolds number based on the mean aerodynamic chord of the wing

radius of body, in.

maximum radius of body, in.

wing area, sq ft
(The area is formed by extending the leading and trailing
edges to the plane of symmetry.)

spanwise distance from wing plane of symmetry to edge of wing$
in.

ratio of maximum wing

perturbation velocity

perturbation velocity

thickness to wing chord

in the x direction, ft/sec

in the z direction, ft/sec

.
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~ x, y, z Cartesian coordinates in streamwise, spanwise, and vertical
directions, respectively
(The origin is at the ting apex for dimensions referring to

● wing and at nose of body for dimensions referring to body.)

a angle of attack of body axis, deg

P

e angle
the

A angle

between the resultant force vector and the normal to
wing chord, deg

of sweepback of wing leading edge, deg

a

u

constant-load

constant-load

Subscripts

solution for superimposed sector

solution for entire wing surface

SELECTION OF MODELS
m

The geometric parameters which determine the aerodynamic character-
. istics of awing are many and, in order to keep a research progrsm within

reasonable limits, it is necessary to select carefully the range of var-
iables to be investigated. As a guide in planning the present progrsm,
which was directed prkrily to the investigation of wings for high-
speed fighters, a study of current design trends and anticipated devel-
opments for such airplanes was made. In the following paragraphs, a
discussion of the various factors influencing the selection of the models
will be given.

wings

Aspect ratio.- For the unswept wings at
a lesser extent, for sweptback wings at Mach
the component of the free-stream Mach number
edge becomes sonic, the flow field over most
two-dimensional. In the region enclosed by the tip Mach cone, the effects
of tip shape are predmninant.e Variation of aspect ratio for such wings
merely alters the extent of the wing subjected to the two-dimensional
flow, snd it is possible to estimate with sufficient accuracy the effects

supersonic speeds and, to
nunibersabove that at which
perpendicular to the leading
of the wing is essentially
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of aspect ratio from two-dimensional data when tip effects are known. 6
For triangular wings, however, the flow field over the entire wing
surface is affected by variation of aspect ratio. Hence, in this pro-
gram, it was appropriate to investigate the effects of aspect ratio on

,+

wings of triangular plan form. Triangular wings of aspect ratios 2, 3,
and 4 were investigated, therefore, in combination with a body smd are
illustrated in sketch (a) for comparison. For this portion of the pro-

A=2 A= 3 A=4

Sketch (a)

gram, the thickness of the wings was 3 percent, a thickness structurally
feasible and yet sufficiently small that thickness effects would not
obscure the effects of aspect ratio.

Type of plan form.- In the transonic speed range ad at landing con-
ditions, plainform is am important parameter, particularly h regard to ●

its effect on the lift and pitching-moment characteristics. It was
therefore necessary to include a series of wings of varying plan form to
investigate these effects. Again the wings were 3 percent thick and

.

were investigated in combination with a body as shown in sketch (b).

Aspect
ratio Triangular

-a
Sweptback

-+

Unswept

-+

3 +++
Sketch (b)
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●
The sweptback and unswept wings of aspect ratio 3 had the same taper
ratio in order to eliminate such effects from the comparison, and a value
of 0.4 was selected as representative of current design trends. A value

. of unity was selected as the taper ratio for the unswept wing of aspect
ratio 2 since theoretical studies showed that such a wing had the highest
lift-curve slope at a given aspect ratio at supersonic speeds.

Thicknef3s.-An investigation of the effects of wing thickness in
the present program is of greatest interest for tigs of small aspect
ratio since, as the aspect ratio increases, such effects can be more
easily estimated from the extensive theoretical and two-dimensional
experimental results. Such results are more applicable for unswept
wings, however, whereas the effects of thickness on triangular wings
are not as well lmown. It was decided, therefore, to investigate the
effects of thickness using a wing with a triangular plan form of aspect
ratio 2. The models for this portion of the investigation are shown
in sketch (c).

t/c = 0.03 t/c = 0.05 t~c = 0.08

Sketch (c)

Type of profile.- The criteria for selecting the type of profile
were that it should cause the minimum wave drag and should be conducive
to a small value of drag due to lift. Available data indicated that
small wave drag at high supersonic speeds was generally associated with
sharp leading edges and a small value of drag due to lift with rounded
leading edges. Hence, wings having leading edges supersonic over much
of the supersonic speed range of the tests and for w~ch the ~ve drag
might be sizable were designed with sharp leading edges. A 3-percent-
thick biconvex section was used. However, in order to ascertain the
penalty in wave drag due to round leading edges on such wings, the wings

lAn edge is defined as subsonic or supersonic according to whether the
edge lies behind or ahead of the free-stream Mach cone from the most

m forward point on the edge.
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shown in sketch (d) were also investigated with an elliptically shaped a
section forward of the midchord. The coordinates for this latter section
are given in table XX.

%

~.2 A=2 A= 3 Ax4

+1-+ 4=’4
u v

Sketch (d)

Camber and twist.- In supersonic thin-airfoil theory for wings having
leading edges subsonic, an infinite suction associated with the lift on
the wing occurs along the leading edge which results in a force in the
thrust direction and a reduction in the drag due to lift. In general,
experimental data have indicated that the full amount of leading-edge
thrust predicted theoretically is not realized with wings having subsonic
leading edges. A theoretical study by Jones in reference 18 showed,
however, that an effective leading-edge thrust couldbe obtained in the
case of a swepthack wing by caniberingand twisting the wing. A theoret-
ical study was made, therefore, of various types of caniberand twist for
triangular wings, using as a basis that required for a uniform load dis-
tribution as given in reference 18.

.—

The shape of the surface for a uniform load distribution requires
a lsrge twist at the root section. The study showed that because of the
luger root chord of the triangular wing in comparison to those of the
sweptback wings treated in reference 18, the twist at the root resulted
in a drag due to lift considerably greater than that indicated by theory
for a plane wing. The large twist was associated with the last term In
the theoretical solution for the shape of the surface to produce a uni-
form load distribution, as given by

(J~AQ

() [
.J

dz

Ku= 4YI;
G(q) –2 cosh-l~

IPYI1 (1)

whereas the camber near the leading edge which resulted in the effective
leading-edge thrust was more closely associated with the first term.
Since the above expression was obtained from a linearized-lifttig-
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~ surface theory and, hencej the pr~cipal of superl?ositionof solutions
was applicable, it was reasoned that it should be possible to derive
another camber snd twist from the above expression by writing

●

g. (Q&] + (~] (2)

()The additional solution, ~ , must be of such a form as to cancel the
dxa

last term in equation (1) in order to eliminate the large twist at the
root and at the ssme time have little effect On the first term. The two
following solutions obtained from equation (1) and which met the require-
ment were studied:

(J

dz ()
fi&

qa
— =.—

b[
G(%) - 2 cosh-l ~

[$Y\1 (3)
a

where

and
.

.

@)a.(+i)u
ma mu (4)

dz

J

(J
~d~

a—= .._
dx ;0 h [

G(m) - 2 cosh-l x 1Tmqh (5)

where

@a= *mn
dm ~n+l (6)

the csmber and twist
the minimum value
value approximately

A study of the load distribution resulting from
derived from equations (l), (2), and (3) showed that
of drag due to lift was obtained for ~ = 5/8 ~, a
equal to that given by the theory for the plane wing. Hence, two
triangular wings, 5 percent thick, incorporating this camber and twist and
having aspect ratios of 2 and 4 were constructed. The wing of aspect
ratio 2 was designed for CL = 0.25 at M = 1.53; the wing of aspect ratio
4was designed for C = 0.3’5at M= 1.15.

$
The theoretical sparLload

distribution and the race of the surface and projection of the wing lead-
ing edge in a plane perpendicular to the flight direction are shown for
the wing of aspect ratio 2 at the design conditions in figure 1. Since

e the surface is conical with respect to the ting apex, the surface trace
and leading-edge projection will be similar irrespective of the location

.
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of the plane along the x axis so that the
sented by this one plot.

Analysis of the span load distribution

mcAmA531U0

entire surface is repre-

resulting from the camber
and twist-derived from-equations (l), (2), and (5) showed that, for a
value of n = 3, the distribution was nearly elliptical (see fig.2).
Thus, the drag due to lift would be expected to approach that of a wing
with elliptical span load distribution, believed to be the optimum.
Furthermore, it was indicated frcm the trace of the surface in a plane
perpendicular to the flight direction that with minor modifications, the
surface would be planar over most of the wing and therefore simple to

-.

construct. These modifications, wherein the trace was first made linear
from the root to the 80-percent-semispan station and then sheared down-
ward in order to have the trace straight across the inboard 80 percent
of the semispan, are shown in figure 3. The effects of these modifica-
tions on the span load distribution cannot be determined from the linear
theory, but it is believed that they would be small for the wing in
combination with a fuselage in view of the fact that the principal
modification of the curved trace occurs in the region enclosed by the
fuselage. Two triangular wings of aspect ratio 2 with 3- and 5-percent
thickness.were built incorporating the latter type of twist aridcsniber.
Both wings were designed for CL = 0.25 at ~= 1.53.

For reference, sketches of the several cmbered wings together with ._
the span load distribution and shape of the csmbered surface are shown .

in sk&ch (e).

Plellform

Surface Shape ~

Spamload
Distribution

.

Sketch (e)
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Body

U

The body used in conjunction with the various wtigs was that shown
by the theoretical study of reference 19 to have the minimum wave drag
for a given length and volume of body. Its shape can be expressed by
the equation for the radius of the body as

r.ro[. -(-~)’]s” “* (7)

In the equation, the symbol Z represents the length of the body
for complete closure at the aft end. The necessity for providing an
opening at the aft end of the body to accommodate the sting support
required that the actual body length be less. With the exception of the
bodies for the triangular wings of aspect ratio k with 5-percent thickness
(tables XV and XVI), the actual body length was 79 percent of the length
for complete closure. In the cases of the two exceptions, the actual
length was 84 percent of the length for complete closure.

For each wingrbody conibinationinvestigated, the ratio of the max-
imum cross-sectional area of the bcdy to the wing area was the same.
The value of this ratio was 0.050$). Alsoj the location of the inter-.
section of the wing leading edge with the body was nearly the sane for
all models. The intersection was between 34 and 38 percent of the

. length Z.

of
is

Further information pertaining to the body, as well as a tabulation
experimental data for the body alone, obtained during the investigation
given in table XIX.

Summary of Models

The various wing and body combinations investigated in the program,
together with the number of the table in which the geometric and aero-
dynamic characteristics can be found, are summarized as follows:

.
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Table
No.

I
11
III
IV
v
VI
VII
VIII
Ix
x
XI
XH
XIII
Xrv

xv

XVII

XVIII

px

Type of
lllanfOrm

Triangular
Triugular
Triangular
Unswept
Sweptback
Rectangular
Sweptback
Triangular
Triangular
Triangular
Rectangular
Sweptback
Unswept
Triangular

Triangular

Triangular
Triangular

Triangular

Body alone

Aspect
ratio

2
3
4
3.08
3
2
2
2
2
4
2

3%3 ~
2

4

4
2

2

,Sm5EmmL NACA RMA53A30

Taper
ratio

o
0
0

0.388
0.4
1

0.33
0
0
0
1

0.33
0.388
0

0

0
0

0

Airfoil section

0W3-63
0003-63
3% round nose
3%blconvex
3%biconvex
3$biconvex
3$biconvex
0005-63
0008-63
3~biconvex
3%round nose
3firound nose
3$round nose
0005-63

0005-63

0005-63
0003-63

0005-63

Mean-surface
shape

Plane
Plane
Plane
Plane
Plane
Plane
Pl=e
Plane
Plane
Plane
Plane
Plane
Plane
Twisted and
cambered
Twisted and
cambered
Plane
Twisted and
canibered
Twisted and
cambered

THXORIKl?ICALMETHODS

The experimental results of the present report will be compared
with available theoretical solutions. It is pertinent, therefore, to
devote a portion of this report to a discussion of the various methods
considered and their manner of application..

.

.

.

Lift-Curve Slope

Wing at subsonic speeds.- Three theoretical methods were considered
for estimating the lift-curve slope of low-aspect-ratiowings at subsonic
speeds; those of Weissinger (ref. 20), Lawrence (ref. 21), and Lomax and
Sluder (ref. 22). These three methods may be considered as simplified

.

lifting-surface theories, the differences in the various solutions result-
ing from the varying approximations and assumptions made in simplifyin-g
the integral equation relating the value of w in the z = O plane to

-.

the value of the jump in u across the wing surface in the z = O plane. -

The Weissinger method can be derived by asstiing that the distribution of
—
-.

.
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the perturbation veloctty in the chordwise direction is the sane as thats
for a wing of infinite aspect ratio, and that the square of chordwise
distances may be approximated by the semichord squared when comparing

. with the spanwise distances squared. The method of Lawrence assumes that
the distribution of the perturbation velocity in the spsmwise direction
is the same as that given by slender-wing theory, and that the square of
spanwise distances may be approximated by the semispsn squared when
compared with chordwise distances squared. In both cases, these simpli-
fications reduce the lifting-surface integral equation from one of two
variables to one of a single variable. The method of Lomax and Sluder
also assumes that the spantise velocity distribution is the same as that
given by slender-wing theory. NO approx-tions are made for distsnces
on the wing. The equation is solved, in the case of the triangular wing,
by finding the average value of w along the span at a given chord
station and, in the case of the rectangular wing, by finding the value
of w along the x axis only.

Because of the assumptions made with regard to the perturbation
velocity distribution, it would seem that the Weissinger method is better
suited for high-aspect-ratio wings; whereas the other two methods are
better suited for low-aspect-ratio wings. However, Lawrence (ref. 21)
has shown that in the limiting case of low aspect ratio, the Weissinger
methcd agrees with the slender-wing theory of Jones (ref.23) and the
Lawrence method was designed to agree with two-dimensional results in the
limiting case of infinite aspect ratio. It also can be shown that the.
Lomax and Sluder method agrees with two-dimensional results at infinite
aspect ratio. It is obsezved therefore that because of the similarity

w of the three methods, it is not possible to assess readily their relative
merits for estimating the lift-curve slope of low-aspect-ratio Wings at
subsonic speeds by a study of the methods alone.

Results for the three methods just described are shown in figwe 4.
It will be noted that the Weissinger and Lawrence methods give the same
result in the range of aspect ratios of interest in this report. The
Lomax and Sluder method predicts a higher lift-curve slope, however.
Since the Weissinger method has been reduced to design-chart form for a
wide range of plan forms by DeYoung and Harper (ref. 24)2 this meth~
has been selected to compare and to correlate the experimental results
in the subsonic speed range.

Wing at supersonic speeds.- Exact solutions of the linearized
equation for inviscid compressible flow can be found for determining
the load distribution of thin wings at supersonic speeds. These solu-
tions can be obtained from many sources, for exsmple reference 25 for
the triangular wing, r=ference 26 for the sweptback wing, and reference
27 for the rectangular wing. However, for the rectangular and sweptback

● wings, the solutions at supersonic speeds entail extensive computations
when the Mach lines from one tip intersect the opposite tip. In this

.
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speed range, approximate solutions are more satisfactory. For rectangular ●

wings, the Lomax and Sluder method may be used. As shown in figure 4,
this method gives results in satisfactory agreement with the Weissinger
results at sonic speed and with the exact solutions at Mach numbers above —

those for which the tip Mach lines intersect the opposite tip. This con-
.

ditfon OCCU?S when @ is greater than unity. With reference to swePt-
back wings, a method for estimating lift and lift distribution for the
supersonic speed regime near a Mach number of 1.0 is given by Lomax and
Heaslet (ref. 28). It can therefore be seen that no difficulty arises
in the selection of theoretical solutions for use at supersonic speeds.
The sources of the solutions used in this report are those previously
listed and, in addition, the graphs of reference 29.

Wing-body interference.-The experimental results presented herein
are princi~ally for wing and body combinations. For a valid comparison
between such results and theoretical solutions, account must be made in
the theoretical calculations of the interference effects of the wing and
body. The method of Nielsen and Kaattari (ref. 30) for estimating lift
interference of wing-body combinations at supersonic speeds was wed.
In this method, the lift of the combination is obtained by finding the
lift on the body in the presence of the wing and the lift of the wing in
the presence of the body. The lift on the wing, as well as the lift on
the body for wings of small aspect ratio, is found to be determined best
by the slender-body theory. For bodies in combination with wings of

.

higher aspect ratio, a procedure is developed which is based on the
assumption that the influence of the wing lift on the body pressure field

4 -“

occurs only in that region enclosed by the Mach lines originating at the
leading and trailing edges of the wing-body juncture. Tip effects are not .
considered. For the aspect ratios for which these solutions are appli-
cable, however, the tip effects on the lift interference are either small
or may vanish if the body does not extend any considerable distance dain-
strea of the wing trailing edge.

It should be mentioned that for the wing-body combinations discussed
herein, the net effect of the wing-body interference, as given by ref-
erence 30, is small. The effects range from approximately a 4-percent
reduction in lift for the triangular wing of aspect ratio 2 to an 8-
percent increase in lift for the rectangular wing of aspect ratio 2.

Aerodynamic Center

Wing alone.- In the case of the triangular wing, the position of the
aerodynamic center for the wing alone is quite easily obtained. At super-
sonic speeds, exact methods show the aerodynamic center to be fixed at the
midpoint of the mean aerodynamic chord. At subsonic speeds, the three 4
theoretical methods previously considered in connection with the lift

.-

.
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of low-aspect-ratiowings also present methods for predicting the location
? of the aerodynamic center of the wing. It is therefore necessary again to

consider the approximations used in the several methods in order to select
the method believed to be the best suited for the esthation of this.
characteristic.

In the Weissinger methcd, the chordwise distribution of load is
approximated by assuming it to have the ssme shape as that for a wing of
infinite aspect ratio in order to solve the integral equation obtained
from the lifting-surface theory. This approximation autcinatically
restricts the location of the aerodynamic center to a point on the
quarter-chord line of the wing. The aerodynamic center with respect to
the mean aerodynamic chord is then obtained by calculating the chordwise
projection of the distance along the quarter-chord line from the mean
aerodynamic chord to the spanwise location of the aerodynamic center.
It can be seen, therefore, that such a procedure cannot account for the
important effects of Mach number on the chordwise position of the aero-
dynamic center of low-aspect-ratiowings. Because of this restriction,
the method is not considered suitable for the estimation of the aero-
_fc center of low-aspect-ratio wings at high subsonic Mach numbers.

In contrast to the Weissinger methcxl,the methods of Lawrence and
of Lanax and Sluder determine the chordwise distribution of load frcxn
their solutions of the integral equation obtained from the lifting-
surface theory. These methods may be in error because of the approxi-

. mation made that the spanwise load distribution is elliptical. However,
possible differences in the span load distribution from the assumed
elliptical load will have only a small effect on the chordwise location
of the aerodynamic center. Thus, in these two methods, the aer@mmic
center is based primarily on the solution of the lifting-surface theory
and only to a minor extent on the assumptions used in obtaining the
solutions. This circumstance leads to the conclusion that either of
these methods is better suited to the esthation of the aerodynamic center
of low-aspect-ratiowings than the Weissinger method.

A comparison of the location of the aerodyn?xniccenter for triangular
and rectangular wings, as determined by the three methods, is shown in
figure 5. The curves show, as might be expected from the previous dis-
cussions, that the methods of Lawrence and of Lomax and Sluder give
similar results and that these results are considerably different from
those determined by the Weissinger method. In the present report the
Lomax and Sluder method has been selected because it has been extended
to include the characteristics of the triangulsx and rectangular wings
at supersonic speeds also.

For wings having plan forms other than triangular or rectangular,
* the aerodynamic center at supersonic speeds can be calculatedly applying

the results given in any of the references previously mentioned in
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connection with the lift-curve slope in this speed range. Such results
have been obtained from exact solutions of the linearized equation for
inviscid compressible flow and are therefore correct within the limita-
tions of the theory. For the theoretical results presented herein, the
methods of reference 31 have been used.

“

.

The methods of Lawrence and Lomax and Sluder have not been extended,
as yet, to pemit the calculation of the aerodynamic center at subsonic
speeds for wings having plan forms other than triangular and rectangular.
Also, in view of the previous discussion concerning the Weissinger method,
there is some question as to its applicability for wings of small aspect
ratio near a Mach number of unity. Hence, no theoretical results were
cmnputed for the aerodynamic center for wings having other than triangular
or rectangular plan forms at subsonic speeds.

—

Wtig-body interference.-As in the case of lift-curve slope, it is
necessary to consider the effects of wing-body interference in calculating
the aerodynamic center. Such effects ha~e been treated in reference 32,
which is an extension of the aforementioned Nielsen and Kaattari method
(ref. 30) tothecase ofting-bo@ hterference ontheaerod~mic center.

In reference 32, it was shown that, in general, the aerodynamic
center determined theoretically was behind that determined experimentally
for a wide rsnge of missile-type wing and body cmnbinations. It was
recommended, therefore, that an empirical factor be used to adjust the
theoretical results. This recommendation, however, is based mainly on

—

results for wing and body combinations in which the wing was small with
respect to the body. There is some doubt as to whether the empirical

.

factor would also apply to the cases treated herein, in which the wing
is large with respect to the body, and therefore has not been used in
the calculated results presented-herein.

It is customary
tion into two parts.
lift on the wing and
and, in addition, at

Drag

generally to divide the
One part is considered

drag of a wing-body combina-
to be independent of the

is the result of viscous forces on the wing and body
supersonic speeds, the result of pressure or thick-

ness drag. The secmnd part of the drag is associated with the lift on
the wing and body.

The estimation of that portion of the drag independent of lift is
difficult and the methods available are not entirely satisfactory. To
determine the viscous forces, it is necessary to ascertain the character- -
istics of the boundary layer on the surface. Often, it is assumed that
the boundary layer on the wing is the same as on a flat plate of identical

.
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plan form, and u estimation is made of the location of the region of
transition from lsminar to turbulent boundary-layer flow in order to
calculate the viscous forces. For the purposes of this report, such
a method would be unsatisfactory since it is dependent to such a great
extent on an initial assumption. The comparison would offer no mesns
of assessing the accuracy of the method. Fwthermore, at supersonic
speeds, the theory for determining the wave drag has been concerned
mainly with sharp-nose airfoils. A method has been developed for round-
nose wings (ref. 33) but is unsuited for wings having arbitrary profiles.
Because of these limitations, no theoretical results for the drag at zero
lift have been included herein.

The drag due to lift canbe treatedby thin-airfoil theory if it is
considered independent of viscous forces and wing profile. In the theory,
the drag due to lift can be subdivided into a force in the thrust direc-
tion associated wtth an infinite suction pressure acting along the leading
edge of the wing and a force in the drag direction associated with the
stresmwise component of the normal force on the wing. A discussion of
the concept of leading-edge thrust, in the case of incompressible flow,
is given in reference 34 and it is shown that for a flat plate of infinite
aspect ratio, the thrust is exactly equal to the streamwise component of
the normal force and is determined whollyby the velocity distribution in
the immediate neighborhood of the leading edge. Similarly, for a wing of
finite aspect ratio, the leading-edge thrust at each section of the wing
can be related to the velocity distribution near the leading edge of the
section. If the velocity distribution near the leading edge of the wing
of finite aspect ratio is the sane as that for the wing of infinite aspect

. ratio, an assumption used in the Weissinger method, the leading-edge
suction at each section of the wing will be the ssme as that for the ting
of infinite aspect ratio having the sane lift as the section. The stresm-
wise component of the normal force is greater for the ting of finite
aspect ratio than that for the wing of infinite aspect ratio, however,
since the angle of attack must be larger to counterbalance the loss of
lift associated with the finite span. There results, therefore, a net
force in the drag direction generally called induced drag. It can be
seen, however, that the drag due to lift may not only be composed of this
induced drag but also a drag resulting from a loss of leading-edge thrust
as well. The preceding concepts are based on subsonic thin-airfoil theory.
However, in a similar manner, the supersonic thin-airfoil theory shows
that a suction force along the leading edge is possible if the distribu-
tion of velocity near the leading edge is similar to that at subsonic
speeds. Such a distribution occurs when the leading edge is swept behind
the free-stream Mach lines originating at the wing apex. As at subsonic
speeds, the streamwise component of the normal force is greater than the
suction force, resulting in a net force in the drag direction.

.
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In the present report, the drag due to-lift for the Plane wings will .
be considered in terms of the inclination of the force due to angle of. .
attack2 with respect

Sketch (f)

to the normal to the chord as shown in sketch (f].
This approach wem selected because of its close
association with the manner in which the drag forces
arise on the wing, as discussed previously. Thus,
the basic concepts underlying the method are of equal
applicability at both subsonic and supersonic speeds.
The method has an advtitage in that the results can
be obtained with accuracy and ease from the normal
and chord force measurements taken during the inves-
tigation.

The angle of inclination of the force F is dependent on both the
normal force and the leading-edge thrust and, for small values, is equal
to the ratio of the leading-edge thrust to the normal force. Since in
the thin airfoil theory for plane wings these quantities are proportional
to the second and first powers of the angle of attack, respectively, @
is also proportional to the angle of attack. Thus the rate of change of
e with a is constant. Experimental results, in general, also show that
for plane wings at small angles of attack, the rate of change of e with
a is constant. For such results, the normal force usually agrees satis-
factorily with theoretical results. Thus a comparison of the experimental
and theoretical values of the ratio, ~/cL,swill show, principally, the
extent to which the chordwise force on the wing approaches the theoretical .
value for full leading-edge thrust.

In figure 6, the values of the ratio are shown for triangular and .

rectangular wings at both subsonic and supersonic speeds. These results
are for the wings hav$ng the full leading-edge thrust predicted by the
theory. Furthermore, in order to simplify the calculations for subsonic
speeds, it has been assumed that the span load distribution is elliptical
since the value of the drag due to lift for a wing with such a di.stri.bu-
tion and having full leading-edge thrust is well known. Since the effect
of the deviation from such a distribution on the drag due to lift for
most wings is small, this assumption will have little effect on the
significance of .9/a. At supersonic speeds, the ratio was determined
using the expression given in reference 25 for the drag due to lift.

2The force due to angle of’attack is the force on the wing at angle of
attack less the force at zero lift.

‘The ratio 0/a can replace the rate of chsnge of e with a because
for plane wings, e = O at a= O.
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EXPERIMENTAL PROCEDURE

Facilities

Most of the experimental results presented herein were obtained in
three facilities at the Ames Aeronautical Laboratory. At Mach numbers
of 0.6 snd less, the wings were investigated in the Ames 12-foot wind
tunnel only. At Mach numbers of 1.2 and above, data were obtained in the
Ames 6- by 6-foot wind tunnel only. Between these two ranges of Mach
numbers, some of the wings were tested in both of these facilities and
on the 16-foot wind-tunnel bump as well. In addition, during the cal-
ibration period of a 2- by 2-foot transonic wind tunnel, the unswept
wing of aspect ratio 3 was investigated in the Mach number range from
0.6 to 1.35 and these data are included herein.

Reduction of Data

A complete discussion of the methods used in reducing the wind-
tunnel data to coefficient form and the various corrections applied to
the results will be found in my of references 1 to 17. Therefore, only
a brief summmry of the methods will be presented herein.

.
The data obtained in both the Ames 12-foot wind tunnel and the

6- by 6-foot supersonic wind tunnel have been corrected for the following
. factors:

1. Induced effects of the tunnel walls at subsonic speed resulting
from lift on the model.

2. The change in the airspeed in the vicinity of the model at sub-
sonic speed resulting from the constriction of the flow by the
walls.

3* The pressure at the base of the model being different from that
for a full-scale airplane as the result of support interference
as well as other unhewn effects on the base pressure. To
partially account for these effects, the drag coefficient was
adjusted to correspond to that in which the base pressure would
be equal to the free-stresm static pressure.

Data obtained in the 6- by 6-foot wind tunnel ad presented herein
were corrected for the longitudinal force on the model due to stresmwise
variation of the static pressure as measured in the empty test section..
This correction was not applied to the subsonic data as presented in
references 1 to 16 because of the lack of a complete static-pressure

.
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survey of the tunnel at the time of publication. The correction amounts . _
to as much as 0.0010 at a Mach number of 0.93. The data obtained in the
6- by 6-foot wind tunnel also indicated nontiiformities of the airstresn
in the plane of pitch equivalent to a stream angle of as much as O.1OO .

for some of the models. The data presented herein have not been dorrected
..

for this effect.

Data presented herein which were obtained on the 16-foot wind-tunnel
bump smd in the 2- by 2-foot transonic wind tunnel have had no corrections
applied.

RESULTS AND DISCUSSION

In portions of the Mach number range of the program discussed herein,
some of the wings were tested in several facilities so that a choice of
data for graphicel presentation was possible. The general procedure has
been to show the lift-curve slope and aerodynamic-center chsracteri.sties
as determined in all facilities. However, in showing the variation of
lift with angle of attack or of pitching moment with lift, results from
only one facility have been used in order to avoid congestion of the fig-
ure, the facility being chosen wherein the most complete investigation
for the particular series of wings under discussion was made. The drag
characteristics shown for the various wings at high subsonic speeds were
obtained from tests in the 6- by 6-foot wind tunnel only, because the

—
d

Reynolds number of the tests in that facility was considerably larger
than for corresponding tests in the 12-foot wind tunnel, and because the
wings investigated in the 16-foot wind tunnel did not have a body in

.—.

combination.

With regard to the Reynolds number for the data presented graphically
herein, the general procedure has been to present data at the highest
Reynolds numbers for which complete data were obtained throughout the Mach
number range presented. However, for the lift and pitching-moment charac-
teristics at high angle of attack, it has been necessary to use results
obtained at the lowest Reynolds number in order that a large range of
angles of attack could be presented. This condition arises since the lift
on the models was restricted because of stremgth limitations.

All data obtained in the 6- by 6-foot and 12-foot wind tunnels and
discussed herein are presented in tables I to XIX.

Effects of Aspect Ratio

The effects of aspect ratio on triangular wings were studied through
experiments on three wings of aspect ratios 2, ~, and 4. All wings were
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. 3-percent-thick,NACA 0003-63 sections (stresmwise) being used for the
wings of aspect ratios 2 and 3. The section profile of the wing of
aspect ratio k was obtained by joining a semiellipse forward of the
50-percent-chord station with a semibiconvex section aft. Further infor-
mation pertaining to the geometric characteristics of these wing-body
combinations, as well as a tabulation of the experimental data obtained
during the investigation can be found in tables 1, II, and III.

Lift-curve slope.- The discussion of the lift characteristics of
these wings ti be directed first to the angle-of-attack range near
zero lift, wherein the variation of lift with angle of attack was linear.
A later section wfll present the characteristics at high angles of
attack. In figure 7, experimental lift-curve slopes as influencedby
aspect ratio for triangular wings sre shown for Mach numbers between
0.25 and 1.7, and the results are compared with theoretical estimates.

The expertiental results of figure 7 show a sizable effect of aspect
ratio on the lift-curve slope of triangular wings, an increase in aspect
ratio causing an increase in lift-curve slo-gethrough the Mach number
range of these tests. Although the effect of aspect ratio as determined
in each facility was nearly identical, the lift-curve slopes measured in
the 6- by 6-foot wind tunnel between Mach numbers of 0.60 and 0.93 were
somewhat larger than those obtained in the other two facilities. The
cause of this difference is not lamwn. A possible explanation is the

. fact that the effective Reynolds nuniberfor the data obtained in the
6- by 6-foot wind tunnel was considerably higher than that in the other
two wind tunnels because of the greater turbulence in the air stream.A

.

The results of figure 7 indicate that the linearized theory predicted
satisfactorily the effects of aspect ratio and Mach number on the lift-
curve slopes over much of the subsonic speed r=ge. However, at Mach
numbers ranging about 1.0, the extent of the range depending on the
aspect ratio, the agreement was less satisfactory. At a Mach number

4A similar difference in lift-curve slope occurred for all wings inves-
tigated during this program in the 12-foot and 6- by 6-foot wind
tunnels at a Mach number of 0.6, even when the ncminal Reynolds numbers
were the same. In general, the difference was greater for wings with
round leading edges than for those with shsrp leading edges. The dif-
ference also decreased with increasing l@ch nuniberin the two cases
where the same model was tested up to a Mach number of approximately
0.9 in each facility. These two facts are in agreement with the pos-
sible explanation of the difference. A sharp leading edge would promote
premature transition and increased turbulence in the boundary layer, thus
causing the results for such wings to be less influenced by change in
effective Reynolds numb r, and with increasing Mach number the effects

. Iof Reynolds number WOU1 become secondary to the effects of
compressibility.
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near 1.0, the agreement becsme progressively worse with increasing aspect
ratio. Results obtained from the investigation of the triangular wing

.

of aspect ratio 4 with the NACA 0005-63 section Up to Mach numbers of
.—

0.96 have further established this trend (ref. 3 and table XVI). The
-—

disagreement between theory and experiment i.sbelieved attributable to
second-order effects of the velocities induced by the wing thickness and
lift and the possibility of shock formation in the transonic speed range.

The lack of agreement between theory and experiment in the s~er-
sonic speed range may also be considered a transonic-flow effect in that
the poor agreement occurred when the component of the free-stream Mach
nuniberperpendicular to the leading edge, M cos A, becsme sonic. For
the triangular wings of aspect ratios 2, 3, and 4, the values of the
free-stream Mach numbers at M cos A = 1.0 are 2.25, 1.67, and 1.41,
respectively. At the latter two Mach numbers, for which results are
shown in figure 7, the lift-curve slopes for the corresponding triangular
wings were approximately 10 percent below those predicted by the theoret-

—

ical methods. A similar effect has been observed in other investigations
of triangular wings. In reference 35, the lift-curve slopes for a series
of flat-plate triangular wings tested at a Mach number of 1.92 were also
approximately 10 percent less than predicted by theory when M cos A was
equal to 1.0. This lack of agreement between experimental and theoret-
ical results in the Mach number range nesr M cos A = 1.0 is not sur-
prising in view of the pressure measurementsu_nadeon a triangular wing_ _____ ‘_
of aspect ratio 4 at supersonic speeds (ref. 36). These results showed
that in this apparent transonic range for the triangular wing, the

,

pressure distributions along transverse sections of the wing resembled
closely those occurring on two-dimensional airfoils at transonic speeds, .

in that shock waves oblique to the free stream and pressure discontinu-
ities occurred in a fashion similar to the two-dimensional transoni.c
results. Furthermore, the results indicated that the presence of a
detached bow wave caused significant differences between the experimental
and theoretical pressure distributions near the leading edge at Mach
numbers corresponding to values of M cos A greater than 1.0, and it
was surmised that the agreement between experimental and theoretical
results would improve as the Mach number increased and the bow wave
approached attachment.

<
Such an effect was evident in the results for _ ___ _

the triangular wing of aspect ratio 4 in figure 7. —

The results of figure 7 were obtained at the highest Reynolds nuniber
possible in each facility for the Mach number range tested. For the
wings of aspect ratios 2, 3, and 4, results obtained in the 6- by 6-foot
wind tunnel me at Reyaolds numbers of 7.5, 4.8, and 4.2 millions,
respectively, and results from the 12-foot wind tunnel are at Reynolds
numbers of 4.9,3.1,and 2.7 millions, respectively. The Reynolds numbers
for results obtained on the 16-foot wind-tunnel bump were not constant
but increased with Mach number from approximately 2.1 to 2.8millions. .

The effects of Reynolds nuniberwere investigated in the 6- by 6-foot wind

&f==@---
.
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tunnel through the Mach number range of that facility and for a range
of Reynolds numbers commencing at approximately one third of that for
the results of figure 7. Zn the 1.2-footwind tunnel the effect of

. Reynolds number was investigated at a Mach number of 0.25 only, and
the range extends from that for the results of figure 7 to approximately
3-1/2 tties that value. In these ranges of Reynolds and Mach numbers,
no significant effect of change in Reynolds number was evident in the
slope of the lift curve through zero lift. (See tabulated data.)

Lift at angle of attack.- The experimental and theoretical values
of the lift-curve slope previously discussed may not be applicable over
wide rmges of lift coefficient if the variation of lift with angle of
attack is nonlinear. It is therefore necessary to exsmine the lift
curve, and in figure 8 a cmparison of lift at angle of attack for the
three trismgular wings is shown. Results are shown at two subsonic and
one supersonic Mach number to indicate t~ical effects of aspect ratio.
The results of figure 8 are for a lower Reynolds number than those of
figure 7. However, in the ranges of Reynolds numbers and Mach numbers
investigated in each facility, no significant effect of change in
Reynolds number was evident in the lift characteristics up to lift
coefficients of approximately 0.5, the limit for which a comparison
could be made.

The resultsof figure 8 show a nonlinear variation of lift with
. angle of attack for the triangular wings of aspect ratios 2, 3, and 4,

throughout the Mach number range. Thus there was a limit in lift coef-
ficient to which the theoretical lift-curve slope at zero lift could be

. used to estimate the lift characteristics at angle of attack.

The results of figure 8 show that the departure from linearity of
the variation of lift with angle of attack was different at subsonic and
supersonic speeds. For example, at a Mach number of 0.25 the variation
of lift with angle of attack increased with angle of attack for the wing
of aspect ratio 2, whereas the opposite effect was noted for the wing of
aspect ratio 4. In fact, at a high angle of attack the lift of the aspect
ratio 2 wing was greater than that of the wing of aspect ratio 4, although
at zero lift the variation of lift with angle of attack of the former
wing was only about 65 percent as great as that for the latter wing. At
a Mach number of 0.9, trends similar to those at a Mach number of 0.25
are noted. However, the data are ltiited in lift coefficient so that the
characteristics near maximum lift are not known. On the other hand, at
supersonic Mach numbers the nonlinear behavior of lift with sngle of
attack was essentially the same for the three wings.

Aerodynamic center.- The aerod~smic centers for the three triangular
wings are compared with the theoretical solutions over the Mach number
range of the progrsm in figure 9. The Reynolds numbers of these data =e
the ssme as those for figure 7 and listed previously in the discussion
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of lift-curve slope. The experimental aerodynamic center was determined
from the change in pitching moment with lift near zero lift.

The results shown in figure 9 have been obtained from three different
facilities at the Ames Laboratory and, as with lift-curve slope, small
discrepancies existed among the several sets of results. The largest
discrepancy occurred between results obtained in the Ames 16-foot tind
tunnel and those obtained in the 12-foot and 6- by 6-foot wind tunnels.
Thts di,screpaacywas probably the result of wing-body interference,
since the data obtained in the 16-foot wind tunnel were for a wing alone,
whereas the other data were for a wing and body combination.

The results of figure 9 show satisfactory agreement between the
experimental and theoretical results at supersonic speeds. The forward
movement of the aerodynamic center with increasing aspect ratio and Mach
number was caused by wing-body interference. Such effects are seen to be
very small for the triangular wing and body combinations under discussion.
The theoretical results were ad~usted for these effects of wing-body
interferenceby the methods of reference 32.

At subsonic speeds, the agreement between the experimental and
theoretical results is also seen to be quite good. It will be recalled
that the effects of wing-body interference have not been accounted for
in the theoretical results at subsonic speeds. The net effects of wing-
body interference are probably small for th?se triangular wing and body
corribinations,as judged by the small differences between the experimental
results for wing smd body combinations and those for the wing alone, so
that the theoretical results would probably not be affected significantly
by the inclusion of such effects.

The results of figure 9 show that the rearward movement of the
aerodynamic center with increasing Mach number in the subsonic range
becsme considerably larger as the aspect ratio was increased. It is
interesting to note, however, that these data are based on the length
of the wing mean aerodynamic chord, a length which decreases with increas-
ing aspect ratio. If the wing area were the same for these triangular
wings, the actual rearward travel of the aerodynamic center would have
been nearly the same in each case. Thus the aerodynamic-centertravel
for the triangular wing of aspect ratio 4 wouldbe only 14 percent greater
than that for the wing of aspect ratio 2, in contrast to a figure of
61 percent when the aerodynamic-center travel is expressed in terms of
the mean aerodynamic chord. This fact would have significance for
example, in comparing the effect of change in wing aspect ratio on the
stability characteristics of an airplane in which the tail length might
be fixed from other considerations. Other factors remaining equal, such
a comparison would show little effect of aspect ratio on the change in
stability of the airplane with increasing Mach number.

-—
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Pitching moment at angle of attack.- The aerodynamic center, as
determined near zero lift and discussed previously, has significance only
if the variation of pitching moment with lift is nearly linear. It is

. therefore necessary to examine the pitching-moment characteristics at
angle of attack for the triangular wings, amd such data are presented in
figure 10.

These data show that at a Mach number of 1.53, the vsriation of
pitching moment with lift was nearly linear throughout the range of lift
coefficients investigated. This characteristic was typical of the data
obtained at Mach numbers from 1.2 to 1.7, the supersonic portion of the
range investigated in this progrsm. Thus the aerodynamic center deter-
mined near zero lift, ad hence the results obtained from the theory, may
be used satisfactorily for the stability characteristics of the triangu-
lar wings over a wide range of lift coefficient at supersonic speeds.

Similar characteristics did not occur at subsonic speeds, the
results at a Mach number of 0.25 being extremely nonlinear, particularly
in the case of the triangular wing of aspect ratio 4. Thus the aero-
dynamic center determined near zero lift and, hence, the results obtained
from the theory are not usable as a measure of the stability of these
triangular wing and body combinations above a lift coefficient of approx-
imately 0.2 at subsonic speeds. The cause of this nonlinear variation
of pitching moment with lift has been shown in references 37 and 38 to
be flow separation which occurs first near the tip of the wing smd moves.
inboard with increasing angle of attack.

. From an inspection of the data in figure 10 at a Mach number of
0.25, it would appear that the stability characteristics of the triangu-
lar wing of aspect ratio 4 were considerably inferior to those of the
wing of aspect ratio 2. For the former wing, there was a sizable
decrease in stability with increasing lift coefficient to approximately
0.6 and an extreme increase in stability at higher lift coefficients.
However, it was shown in reference 39 that a triangular wing of aspect
ratio 4 required a horizontal tail to provide satisfactory damping-in-
pitch characteristics at transonic speeds, whereas the characteristics
of the triangular wing of aspect ratio 2 alone were satisfactory. This
fact must be considered, therefore, in evaluating the effects of aspect
ratio on the stability characteristics at low speeds. ln reference 38
it was shown that proper location of a horizontal tail behind a triangu-
lar wing of aspect ratio 4 eliminated the decrease in stability at low
lift coefficients and reduced the increase in stability at high lift
coefficients exhibited by the wing alone. The resultant characteristics
compared favorably then with the triangular wing of aspect ratio 2 alone
or in combination with a tail (ref.~).

. Minimum drag coefficient.- The effects of
drag coefficient of triangular wings are shown

.

aspect ratio on the rein-
in figure 11. Only data
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at the highest Reynolds number obtained for each wing during the investi- -
gation have been included in this figure because of the sizable effects
of Reynolds number on the minimum drag coefficient. Also at the highest
Reynolds number, the drag force is largest so that the balance is working -
at more nearly the design l&ad, resulting in greatest accuracy. The
Reynolds numbers for the triangular wings of aspect ratios 2, 3, and 4
were 16.6, 10.6, and 9.1 millions, respectively, at a Mach number of 0.25
and 7.5, 4.8 and 4.2 millions, respectively, at Mach numbers of 0.6 and
above.

For the triangular wings of aspect ratios 2 and 3, the significant
effects of Reynolds number were confined principally to the range of lift

.-

coefficients between -0.05 and +0.05. In this range of lift coefficients
at Reynolds numbers less than those of figure 11, the variation of drag
with lift resembled that for the NACA 6-series airfoil in the region of
low drag. (See ref. 41.) However, the data at the Reynolds numbers
shown in figure 11 did not exhibit this characteristic. Thus the minimum
drag coefficient at a Reynolds number of approximately one third that of
figure 11 was as much as 0.0015 less than that at the highest Reynolds
number, whereas at lift coefficients outside the low drag range, the
effects of Reynolds number on the drag coefficient were negligible.

For the triemgular wing of aspect ratio 4, the effects of Reynolds
number on the drag at low lift were also signific=t. However, in con-
trast to the results for the lower-aspect-ratiowings, the drag coeffl- .

cient showed no abrupt increase with lift coefficient at the lower
Reynolds number but increased gradually and became contiguous with the
results for the highest Reynolds number at lift coefficients which varied ●

irregularly with the Mach number but were less than 0.4. The largest
increase in minimum drag coefficient with increasing Reynolds number from
1.6x 10eto 4.2 x 1080ccurred at a Mach number of 1.6 and was approxi-
mately 0.0015. These effects of Reynolds number on the minimum drag
coefficient varied irregularly with Mach number; the general trend,
however, was as described.

,.

The variation with Mach number of the wave drag of a sharp-nose tri-
angular wing, as determined by linear theory (ref.42), shows large dis-
continuities in slope as the Mach number is “variedin the range where the
leading edge becomes supersonic. To the extent of the data shown in
figure 11, there are no indications of these discontinuities. For the
triangular wings of aspect ratios 3 and 4, the leading edges become
supersonic at Mach numbers of 1.67 and 1.41, respectively. Although the
results of figure 11 are for round-nose triangular wings, results from
tests of a sharp-nose airfoil to be discussed in a subsequent section
have indicated a similar characteristic. Also, in reference 35 the
results from tests of a series of 11 sharp-nose triangular wings of
aspect ratios from 0.70 to 4.o23 and 8 percent thick have shown essen-

.

tially a linear variation of minimum drag coefficient with Mach number
.
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in this range. These results therefore indicate that the existing
linearized theory is inadequate for predicting the wave drag of trism-
gular wings. This deficiency of the linearized theory is believed to

. be due to the fact that the effect of the detached bow wave at Mach
numbers i~ the region where the leading edge becomes supersonic is not
considered by the theory.

The results of figure 11 show that in the subsonic speed range the
minimum drag coefficient for the triangular wings varied with aspect
ratio. At a Mach number of 0.25, the minimum drag coefficient increased
with aspect ratio. This characteristic is believed to be due to the
fact that with increasing aspect ratio a smaller portion of the wing was
enclosed within the body, resulting in an increase in the exposed surface
area and the skin-friction drag. At subsonic Mach numbers above 0.6, the
variation of minimum drag coefficient with aspect ratio was irregular,
that for the triangular wing of aspect ratio 3 being roughly 0.001 less
than those for the wings of aspect ratios 2 and 4. The cause of this
variation is not known but may possibly be due to differences in the
skin-friction drag.

The variation of minimum drag coefficient with aspect ratio at
supersonic speeds was due primarily to the effect of aspect ratio on the
wave drag of these trimgular wings. The results indicate that this
effect was largest as the aspect ratio increased from 3 to 4. It should

. be pointed out, however, that possible differences in the surface con-
dition of the wings previously mentioned in connection with the variation
of minimum drag coefficient at high subsonic speeds may also affect the

. drag coefficient at supersonic speeds. Thus, if the data were adjusted
so that the minimum drag coefficient for the three wings would be
approximately the same between Mach numbers of 0.6 and 0.9, the results
would indicate a nearly linear increase in minimum drag coefficient with
increasing aspect ratio. Such a characteristic is in agreement with
the results shown in references 35 and 43. It would appear, therefore,
that the increment of minimum drag coefficient between that at Mach num-
bers up to 0.9 and that at Mach numbers above 1.2 shown in figure 11
was correct for the triangular wings investigated. The skin-friction
drag coefficient for the tig of aspect ratio 3 at Mach numbers of 0.6
and above, however, may be as much as 0.001 less than that for the wings
of aspect ratios 2 and 4, due to differences in the surface conditions
of the wings.

Drag due to lift.- The drag due to lift is a function of the lift of
the wing, the lift-curve slope, and the relative inclination of the force
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vector, as indicated
due to lift:

NACA RMA53.A30

in the following e~ression5 for the drag coefficient .

CD- c~~n‘* CL’ (8)
.

Since the lift characteristics of these triangular wings have been pre-
sented previously, the present sections will be concerned primarily with
the inclination of the force vector.

The effects of aspect ratio on the ratio of the angle between the
force vector and the normal to the wing chord, e, to the angle of attack,
a, are shown in figure 12. The experimental data presented are for the
highest Reynolds number obtained for each wing during the investigation.
The Reynolds rmmibersfor these data are the ssme as those of figure 11.
In general, an increase in Reynolds number within the limits of the
present test caused a small increase in the value of 13/a. Also, at
supersonic speeds, the values 6/a shown are applicable up to lift
coefficients of the order of 0.5, the limit of the tests. At subsonic
speeds, however, values of 0/a presented are applicable only to
approximately the lift coefficient for maximum lift-drag ratio. At higher
lift coefficients, the values of f3/a showed an abrupt decrease, becoming
approximately equal to the value at supersonic speed. This decrease is
probably associated with the onset of the vortex-separation type of flow
characteristic of triangular wings.

<

Included in figure 12 are values of e/a as determined from thin-
airfoil theory. As indicated, the experimental results show little

.

resemblance to the theoretical results. It will be recalled, however,
that the results at subsonic speeds were obtained under the assumption
that the span load distribution was elliptical in order to simplify the
calculatiens. Hence, a small part of the discrepancy may be the result
of a difference in the span load distribution. At supersonic speeds, no
assumptions beyond those implicit in linear theory were required in making
the calculations. The discrepancy between experimental and theoretical
results must be attributed entirely, therefore, to a deficiency in the
thin-airfoil theory as applied to the calculation of drag due to lift.
Hence, it must be concluded that for thin trismgular wings the drag due
to lift cannot be predicted accurately by available theoretical methods.
In general, it appeez?sthat for supersonic speeds, it is more accurate to
base calculations on the assumption that the net force on the airfoil due
to angle of attack is normal to the chord line than to use available
theoretical methods.

‘The expression is restricted to plane wings having a linear variation
of lift with angle of attack. The units of lift-curve slope are per
radian in this emression. .

.
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. Although somewhat irregular at the high subsonic speeds, the general
trend of the results indicates that 0/a decreased with increasing aspect
ratio. The value of G/a, in effect, represents the decrease in the drag

. due to lift from that experiencedby the wing if the force vector were
normal to the chord. Hence, the drag due to lift for thin trian@sr
wings is not influenced predominantlyby these effects of aspect ratio.
Rather, the primary influence of aspect ratio on the drag due to lift is
felt through its effect on the variation of lift with sngle of attack.

Maximum lift-drag ratio.- When the variation of drag with lift is
parabolic, as shown by the results for these triangular wings at low lift
coefficients, the maximum lift-drag ratio and the lift coefficient at
maximlunlift-drag ratio can be expressed as follows:

(9)

(10)

Such expressions are helpful in the discussion of the maximum lift-drag
. ratios and corresponding lift coefficients for the triangular wings

shown in figure 13. As with previous data concerned with the drag of
the wing-body combinations, the results shown in figure 13 are for the

● highest Reynolds nuniberobtained for each wing during the investigation.

The results of figure 13 indicate no consistent trend of maximum
lift-drag ratio with increasing aspect ratio in the Mach nunlberrange of
the investigation. At subsonic speeds, the maximum lift-drag ratio
increased with aspect ratio. This characteristic couldbe expected in
light of equation (9) from the fact that the variation of minimum drag
coefficient and 13/u with aspect ratio was small, whereas the increase
in lift-curve slope with increasing aspect ratio was large. As previously
mentioned, however, the minhnum drag coefficient was smallest for the
wing of aspect ratio 3 between Mach numbers of 0.6 @ 0.93, which would
account for the maximum lift-drag ratio of this wtng being nearly as
large as that of the wing of aspect ratio h in this range. In the super-
sonic speed range of these investigations, the triangular wing of aspect
ratio 3 exhibited the highest maximum lift-drag ratio. This character-
istic indicated that the increase in lift-curve slope had a greater effect
on maximum lift-drag ratio than the increase in minimum drag coefficient
as the aspect ratio was increased to 3. However, for aspect ratio greater
than 3, the opposite effect occurred. It should be mentioned that had the.
variation of minimum drag coefficient with aspect ratio been more Iinesry
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as discussed previously in connection with the drag of these triangular
wings, the msxtium lift-drag ratio of the wing of aspect ratio 3 would

.

be less than shown in figure 13 and wouldbe approximately that of the
wing of aspect ratio 4. .

It was previously shown that at supersonic speeds, the ticrease of
lift-curve slope with aspect ratio decreased with increasing Mach number,
and It might be expected from theoretical considerations that the lift-
curve slopes of these triangular wings at Mach numbers above approximately

—.

Z.3 would be the same. However, the variation of minimum drag coefficient
with aspect ratio did not change significantly with Mach number. These
facts would indicate that the wing having the lowest minimum drag
coefficient, the wing of aspect ratio 2, would tend to have the highest
maximum lift-drag ratio as the Mach number increased. Such a tendency
is evident from figure 13, although the Mach number at which it would
be expected that the highest maximum lift-hag ratio was obtained by the
wing of smallest aspect ratio is outside the range of the investigation.

The lift coefficient for msximum lift-drag ratio showed a consistent
increase with increasing aspect ratio throughout the Mach number range of
the investigation. As can be seen from equation (10), this variation is
consistent with the previously noted behavior of lift-curve slope, min-
imum drag coefficient, and 0/a.

Effects of Type of Plan Form
.—x .-

The effects of type of wing plan form were investigatedwith two 4

groups of wings, one of aspect ratio 2 and the otherof aspect ratio 3.
Plane wings, 3 percent thick, were used for both series of wings. An

—

NACA 0003-63 airfoil section was used for the triangular wings. The
—

unswept and sweptback plan forms in each aspect-ratio group had a bicon-
vex section. Further information pertaining to the geometry of the wings
of aspect ratio 3 as well as tabulated data obtained during the investi-
gation csm be found in tables II, IV, snd V. Similar information for the
wings of aspect ratio 2 is contained in tables 1, VI, and VII. In addi-
tion, a more complete discussion of the characteristics of the wings of
aspect ratio 2 is given in reference 44.

Several of the wings having the biconvex section were also investi-
gated with round-nose sections and will be discussed in a subsequent sec-
tion of this report. It is sufficient at this time to say that the effect
of such difference& in section on the lift and pitching-moment character-
istics was not significant. In general, however, the drag characteristics
of the wings with biconvex sections were better than those with round-
nose sections at high supersonic speed, indicating that such a section
would be preferable for airplanes with wings having small leading-edge
sweep and for which the attainment of high speeds of the order of M = 2

“

.
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. was desired. It was for this reason that the type of profile, that is,
round or shsz’pnose, was not the ssme for all wings in the present
grouping, and the wings of 45° sweepback or less have the biconvex

. section.

Lift-curve slope.- The lift-curve slope for the wings under discus-
sion is shown in figure 14. Again, the results shown are for the highest
Reynolds number obtained in each facility for the Mach nmnber range
tested. For the triangular, sweptback, and unswept wings of aspect ratio
3, the results obtained in the 6- by 6-foot wind tunnel are at Reynolds
nunibersof 4.8, 3.8, and 2.4 millions, respectively, and results from the
I.Z?-footwind tunnel are at Reynolds numbers of 3.1, 2.5, and 2.4 millions,
respectively. Results obtained in the 2- by 2-foot wind tunnel are at a
Reynolds number of 1.5million. The Reynolds number of the data obtained
on the 16-foot wind-tumnel bump increased from 2.1 to 2.8 millions with
increasing Mach number for the triangular wing of aspect ratio 3, and
from 1.9 to 2.5 milEons for the unswept wing of aspect ratio 3. For the
triangular, sweptback, and unswept tings of aspect ratio 2, results
obtained in the 6- by 6-foot wind tunnel sre at Reynolds numbers of 7.5,
4.8, and 4.4 millions, respectively. Data obtained for the t~iangular
wing of aspect ratio 2 in the 12-foot wind tunnel are at a Reynolds
number of 4.9 mi12ion and those obtained on the 16-foot wind-tunnel bump
are at Reynolds numbers between 2.1 million and 2.8 million. The Reynolds
number of the data for the unswept wing of aspect ratio 2 obtained on the
16-foot wind-tunnel bump varied with Mach number from 1.8 to 2.0 millions..

A comparison of the theoretical and measured lift-curve slopes for
& the wings under discussion (fig. 14) indicates satisfactory agreement

over much of the Mach number range of the investigation. In general, in
the Mach number range near unity, the trend of the experimental results
was different frcm that predicted by the theory. However, these differ-
ences may be due, in psrt, to deficiencies in the experimental results
since it will be noted that for the unswept wing of aspect ratio 3, as
yet unpublished results obtained in the 2- by 2-foot trsnsonic wind
tunnel were in better agreement with the theoretical trends at Mach.
numbers near unity than those obtained on the 16-feet @rid-tunnel bump.

Considering the effects on lift-curve slope of the sweepback of the
leading edge at constant aspect ratio ~d taper ratio, the results for the
wings of aspect ratio 3 at subsonic speeds indicated a decrease in lift-
curve slope with increasing sweepback. This trend conforms with the
predictions of reference 24, although in that reference the angle of
sweep for maximum lift-curve slope was shown not to be zero, but varied
from a small angle of forward sweep to a small angle of sweepback as the
aspect ratio and tapei ratio were decreased. The same trend was evident
at low supersonic speeds. However, with increasing Mach number, the

. effect of sweep diminished until at a Mach number of 1.7, the limit of the
data, the lift-curve slopes for the sweptback and unswept wings were the

.
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same. At higher Mach nunibers,it would be expected that the lift-curve
slope of the sweptback wing would be slightly higher because of the
smaller portion of the wing influenced by the tip Mach cone.

The same general effects of sweepback on the lift-curve slope were
also evident in the results for the sweptback and unswept wings of
aspect ratio 2. These effects are altered to a small extent, however,
by the fact that the taper ratio was not the same for both wings.

The theoretical results indicate that at a Mach number of 1.0, the
lift-curve slope for these wings of aspect ratios 2 and 3 is a function
only of aspect ratio, the small differences shown in figure 14 being the
result of differences in wing-body interferences. As previously indi-
cated, the experimental results did not confirm this prediction. The
theoretical results also indicate that in the supersonic speed range,
the effects of plan form and aspect ratio decrease with increasing Mach
number, and that at sufficiently high Mach number, the lift-curve slopes
of the wings will be nearly the same. The trend of the experimental
results tended to confirm this latter prediction.

Lift at angle of attack.- The effects of wing plan form on the lift
at angle of attack are shown in figure 15 for-the wings of aspect ratio
3 at two subsonic and one supersonic Mach number. Lack of data at a
Mach number of 0.25 prevented making a comparable plot for the wings of
aspect ratio 2.

The variation of lift with angle of attack was somewhat nonlinear
for the wings of aspect ratio 3, and thus there is a limit to which the
e~erimental or theoretical lift-curve slope at zero lift may be used to
estimate the lift ch~acteristics at angle of attack.

In the subsonic speed range, the most pronounced effect of wing
plsn form on the lift characteristics occurred at high singlesof attack-.
A comparison of the results for the sweptback and unswept pl~ forms,
in which the primary plan-form difference is sweepback of the leading
edge, shows that the variation of lift with angle of attack became less
abrupt as the sweepback was increased. The results for the triangular
wing, the wing having the greatest sweepback of the leading edge,
further established this trend, although in this case the taper ratio
of the wing is different from that of the other wings. Further evidence
that the sweep of the leading edge was the primary factor affecting the
lift characteristics at high angle of attackis offered by a comparison
between the data for the sweptback plan form in fi~e 15 and those for
the triangular wing of aspect ratio 4 in figure 8. For both wings, the
sweep of the leading edge is the same. The data indicate that the lift
characteristics at high angles of attack were very similar for both wings
at a Mach number of 0.25.

.
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In the case of the unswept wing, the abrupt change in lift variation
angle of attack can be delayed to a higher sngle by use of a leading-
flap (ref. 45). Cambering the wing near the leading edge should

. of~er s~ilar improvements, al~hough su=h a modification-may-cause an
increase in the minimum drag coefficient, particularly at supersonic
speeds.

Aerodynamic center.- The aerodynamic center in percent of the mean
aerodynamic chord is shown for the wings of aspect ratios 2 and 3 in
figure 16. The Reynolds numbers for these data are the same as pre-
viously listed in connection with the lift-curve slope of these wings.
In general, these results have been obtained from the variation of the
pitching-moment coefficient with lift coefficient through zero lift.
However, in the Mach number range from 0.7 to 0.9, the variation of
pitching-moment coefficient with lift coefficient through zero lift was
somewhat nonlinear for the sweptback and unswept wings. The nonlinear
variation of pitching-moment coefficient was influenced significantly by
Reynolds number, but was smallest at the highest Reynolds number of the
investigation. In this range of Mach numbers, the aerodynamic center for
the sweptback and unswept wings was determined, therefore, from the
variation of pitching-moment coefficient with lift coefficient outside
the region of the nonlinearity. Because of the decrease in the non-
linearity with increasing Reynolds number, it is believed that the
results so obtained are representative of’full-scale wings.

-
The results shown in figure 16 are compared with theoretical pre-

dictions except at subsonic speeds in the cases of the sweptback wings
. of aspect ratios 2 and 3 and the unswept wing of aspect ratio 3 since,

as previously mentioned, there is some question as to the applicability
of the methods of reference 24 to the prediction of aerodynamic-center
position for low-aspect-ratio wings at high subsonic speeds. At super-
sonic speeds, the theoretical predictions have been corrected for the
effects of wing-body interference. The data indicate that at supersonic
speeds, the agreement between theoretical and experimental results was
good when the wing leading edge was swept behind the Mach cone from the
wing apex (subsonic leading edge). This condition existed throughout
the test range for the triangular wing of aspect ratio 2, up to a Mach
number of 1.67 for the triangular wing of aspect ratio 3, and up to a
Mach number of 1.41 for the sweptback wings of aspect ratios 2 smd 3.
For the wings having leading edges supersonic, the agreement between the
theoretical and expertiental results was not good.

The cause of this discrepancy between experimental and theoretical
values of the aerodynamic center has been discussed in reference 46. In
that reference it was shown that for wings with supersonic leading edges,
both the higher-order pressure effects neglected in the linearized

“ theory and fluid viscosity cause&the aerodynamic center to be farther
forward than indicated by the linear theory. For wings with subsonic

.
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leading edges, the results of reference 46 showed that the aerodynamic
center determined experimentally was aft of that determined from linear
theory. In such cases, it is probable that the neglected higher-order
effects tend to move the aerodynamic center aft, whereas viscous effects
again tend to move the aerodynamic center forward of that determined
from linear theory. Such cmnpensating effects would result in the better
agreement between theory and experiment for wings with subsonic leading.
edges shown in figure 16.

b

.

—

The results presented herein also indicate that a possible factor
contributing to the poor agreement between experimental and theoretical
values of the aerodynamic center is the inability of the theory to
predict accurately the lift distribution in the vicinity of the tips.
It was shown in figure 9 that the agreement between theory and experiment
was good in the case of the triangular wing of aspect ratio 4 throughout
the supersonic Mach number range of the test. For this wing, the leading
edges are supersonic above a Wch number of 1.4. ~thermore, the taper
ratio of the wing is zero. In contrast, the wings of figure 16 have
taper ratios of 0.33 or greater and, as previously stated, show poor
agreement between theory and experiment when the lesding edges were
supersonic.

Another possible factor contributing to..thediscrepancy between theory
and experiment shown in figure 16 may be an incomplete accounting for
wing-body interference effects. The methods of reference 32 do not
account entirely for such effects,

.
as evidenced by the recommendation in

that reference that an empirical factor be used in the theoretical
computations which moves the aerodynamic center determined theoretically .
forward. Although, in general, such a factor would bring the results of
figure 16 into better agreement, it has not been used because the results
from which it was determined were obtained with wing-body combinations
having wings small with respect to the body. Further evidence that wing-
body interference effects tend to move the aerodynamic center forward is
shown in figure 16 by a comparison between results from the 6- by 6-foot
and 12-foot wind tunnels and those from the 16-foot wind-tunnel bmp.
A body was used in conjunction with the wings tested in the former
facilities, whereas the wing alone was investigated in the latter facility.
The data of figure 16 show that the aerodynamic cater of the wing and
body combinations is consistently forward of that for the wing alone.

The results of figure 16 show that the over-all travel of the
aerodynamic center with variation in Mach number was reduced by increase
in leading-edge sweep. If the wing areas were the same, the aerodynsmic-
center travel expressed in feet would also indicate the same character-
istic. Furthermore, the aerodynamic center for the unswept wings moved
forward with increasing Mach number at subsonic speeds, whereas for the
sweptback and triangular wings it moved continuously rearward. This
latter effect has increased significancewhen the contribution of a

.

.-
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to the stability characteristics is consider.. All the
shown in figure 16 with the possible exception of the
of aspect ratio 2 will probably be used in combination

. with a horizontal tail to provide control as well as damping in pitch
at transonic speeds. The results of references 47 to 50 indicate that
for both triangular and unswept plan forms, the-stability contribution
of the tail will be a mintium at a Mach number near 0.9 because of the
variation of the parameter ds/du with Mach number. ~us, the effect
of the horizontal tail on the aerodynamic center would be to cause a
forward movement with increasing Mach number to approximately 0.9 and
then a rearwsrd movement with further increase in Mach number. Such an
effect would increase the over-all aerodynamic-center travel with
variation in Mach number for the unswept wings but would have little or
no influence in the cases of the sweptback and triangular wings. An
estimation of the magnitude of this effect was made for the unswept and
triangular wings of aspect ratio 3 having the ssme wing area, a tail
area equal to 20 percent of the wing area, and a tail length in each
case equal to twice the mean aerodynamic chord of the unswept wing. The
results showed that the actual travel of the aerodynamic center for the
unswept wing aud body was approximately 16 percent greater than that for
the triangular wing and body, whereas a corresponding value for the
wing-body~tail combinations was approximately 31 percent.

.

Pitching moment at sngle of attack.- me variation of pitwng-
moment coefficient with lift coefficient for the wings of aspect ratio
3 is shown in figure 17 at two subsonic Mach numbers-and at a Mach

..

number of 1.5. For the wings of aspect ratio 2, no data were obtained
. at a Mach nunber of 0.25 so that a comparable figure is not shown for

these wings.

The results show that the variation of pitching-mcment coefficient
with lift coefficient was nearly linear over the lift-coefficient range
of these investigations at a Mach number of 1.5. This characteristic
was evident throughout the range of supersonic Mach numbers investigated
for these wings of aspect ratio 3 as well as the wings of aspect ratio 2.
Furthermore, in the range of Reynolds numbers between those for the
results in figure 17 at a Mach number of 1.5 and approximately 2-1/2
times those values, no appreciable change in the characteristics was
evident up to lift coefficients of approximately 0.4, the limit of the
data.

At a Wch number of 0.25, the results show that the variation of
pitching-moment coefficient with lift coefficient was linear only to a
lift coefficient of approximately 0.3. At higher lift coefficients,
the data show that inc~ease in leading-edge sweep increased the lift
coefficient at which the stability of the wing suddenly increased. That

- leading-edge sweep is the primary factor affecting these characteristics
at high angles of attack is again indicated by a comparison between the

.
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results for the sweptback wing and those for the triangular wing of
aspect ratio 4 (fig. 10). The sweepback of the leading edge is 45°
in both cases, and the results show that the region of extreme stability
occurred at a lift coefficient of approximately 0.85 in both cases.

These wings of aspect ratio 3 were investigated at a Mach number of
0.25 over a range of Reynolds numbers to approximately 3-1/2 times the
values for the results in figure 17. None of these wings showed any
significant effect of Reynolds number up to a lift coefficient of a~rox-
imately 0.8, the limit of the comparison.

The results presented for a Mach nuuiberof 0.91 show the slight
discontinuity or nonlinearity in the variation of pitching-moment
coefficient with lift coefficient at zero lift for the unswept wing and,
to a lesser extent, for the sweptback wing. This characteristicwas
referred to previously in connection with the aerodynamic center for the

-,

sweptback and unswept wings and it will be noted, as mentioned then,
that the effect is confined to a small range of lift coefficients.
Furthermore, the severity of the discontinuity or nonlinearity reduced

.

with increasing Reynolds number, suggesting that the characteristic
may not be present at full-scale Reynolds number.

Drag coefficient at zero lift.- Because of the previously mentioned
effects of Reynolds””nw.nberon the drag at zero lift for triangular wings>
a comparison of such data for these wings of various plan forms will be a
made at the highest Reynolds number obtained during the investigation.
The Reynolds numbers for the triangular, sweptback, and unswept wings of
aspect ratio 3 were 10.6, 8.4, and 8.3 millions, respectively, at a ●

Mach number of 0.25, and 4.8, 3.8, and 2.4 millions, respectively, at
Mach numbers of 0.6 and above. For the triangular wing of aspect ratio
2, the Reynolds number was 16.6 million at a Mach number of 0.25.
At Mach numbers of 0.6 and above, the Reynolds numbers for the triangular,
sweptback and unswept wings of aspect ratio 2 were 7.5, 4.8, and 4.4
millions, respectively. During the program> the effects of Reynolds
number on the characteristics of the sweptback and unswept wings were
investigated also. These effects on the drag at zero lift were not as
consistent with variation of Mach number as’were those for the triangular
wings. In general, however, the drag at zero lift increased slightly
with Reynolds number.

A comparison of the drag coefficient at zero lift for the wings of
various plan forms is shown in figure 18. It should be emphasized that
the airfoil sections are not the same for each plan form shown, the
triangular wings having the NACA 0003-63 section aqd the remaining wings

-.

having biconvex sections. ~ a subsequent section, the effects of mod3-
fying the biconvex sections forward of the midchord to have a round lead-
ing edge will be discussed. It will be sh~fi-t~at, at a Mach number of

.

1.2, the effect of modifying the biconvex sections on the minimum drag”-”



. coefficient was small. Hence, the differences in minimum drag coeffi-
cient at a Mach number of 1.2 shown in figure 18 are due primarily to
plan-form effects. The results show that increase in leading-edge sweep

. caused a decrease in minimum drag coefficient for wings of aspect ratios
2 and 3. with increase in Mach n~ber~ the effects of airfoil section
became of greater importance. Thus, the tings of lesser sweep indicated
a greater reduction in minimum drag coefficient with increasing Mach
number, an effect probably due to the attachment of the bow wave to the
sharp leading edges of the wings of lesser sweepback with a consequent
reduction in wave drag. It is of interest to note that because of the
attachment of the bow wave, the minimum drag coefficient for the unswept
wing of aspect ratio 3 was the smallest of those presented in figure 18
above a Mach number of 1.6.

The results of figure 18 give indications that the minimum drag
coefficient may decrease with increasing taper. A comparison of the
results for the unswept wings of aspect ratios 2 and 3 shuws that
although the variation of drag coefficient at zero lift with Mach number
was similar for both wings and was characteristic of wings having sham
leading edges with little or no sweepback, the drag coefficient for the
wing of aspect ratio 2 was approximately 0.0020 larger than that for the
wing of aspect ratio 3 throughout the Mach number range. This difference
in drag coefficient is believed not to be due to the difference in aspect
ratio, since the results of reference 51 have shown a slight increase in
drag coefficient with aspect ratio for rectangular wings. The greater.
sweep of the leading edge, in the case of the wing of aspect ratio 3, is
also believed not to be the cause, since that effect would not explain

. the drag difference at subsonic speeds. Another indication of the
detrimental effect of small taper is provided by a comparison between
the minimum drag coefficient for the triangular wing of aspect ratio 4
(fig. 11) and the sweptbackting of aspect ratio 2. The minimum drag
coefficient was less for the triangular wing than for the sweptback wing
up to a Mach number of 1.5, an effect particularly noticeable at a Mach
number of 1.2 where the difference was approximately 0.0020.

Drag due to lift.- The effects of plan form on the value of the
criterion of drag due to lift for wings of aspect ratios 2 and 3 are
shown in figure 19. These data were obtained at the highest Reynolds
numbers of the investigations. The Re~olds numbers were given pre-
viously in connection with the mintium drag coefficient of these wings.
The effects of Reynolds number were small, however, a slight increase
in e/CL resulting frcm an increase in Reynolds number over the range
investigated. As for the triangular wings discussed previously, the
values of 0/a in figure 19 are applicable at supersonic speeds up to
lift coefficients of approximately 0.5, the limit of the data. At sub-
sonic speeds, the values of 0/a presented are applicable ofiY to lift
coefficients near those for maximum lift-drag ratio.. At higher lift
coefficients 0/m, in general, showed an abrupt decrease.
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The data of figure 19 show, as in the comparison previously made
for the triangular wings, that the experimental values of 6/a had little “
resemblance to results obtained from the thin-airfoil theory at super-
sonic speeds or to those obtained assuming an elliptical span load dis-

—

tribution at subsonic speeds.
m-

Hence, it must be concluded that for
thin wings of low aspect ratio, the drag due to lift cannot be predicted
accurately by available theoretical methods.

A comparison of the results for the sweptback and unswept wings in
figure 19 indicate that for wings having the same taper ratio, an increase
in sweepback of the leading edge increased the value of ~/a at super-
sonic speeds. Such a characteristic is affected considerably by factors
other than leading-edge sweepback, however, as shown by a comparison of
the results for the sweptback wing with those for the triangular wing
of aspect ratio 4 in figure 12 (both wings having leading edges swept back
450). The sweptback wing had a value of 8/a of roughly twice that for
the triangular wing. Although the fomner wing had a sharp leading edge
and the latter wing had a round leading edge, data discussed in a sub-
sequent section will show that such a difference in profile had no effect
on the results for the triemgular wing. .

Maximum lift-drag ratio.- A comparison of the maxtiwn lift-drag
ratio for the wings of different plan form (fig. 20) shows that no single
plan form was superior throughout the Mach number range of the investi-
gation. For the wings of aspect ratio 2, the-triangular plan fo?nuwas
superior over the major portion of the test range, a result associated

.

with the minimum drag coefficient. For the wings of aspect ratio 3, the
maximum lift-drag ratios of the triangulsx and sweptback wings were
nearly the same throughout the Mach number range of the investigation and

*.

were superior to the unswept wing except at Mach n~bers above I-66ad _.
—

near 0.9. Thus, in spite of the fact that the minimum drag coefficient
for the sweptback wing was considerably greater than that for the unswept
and triangular plan forms through most of the supersonic range, the larger
value of lift-curve slope for the swept win , in comparison with that for
the triangular wing, and larger value of 70 m, in comparison with that
for the unswept wing, resulted in the sweptback wing comparing quite
favorably with the other plan forms in regard to maximum lift-drag ratio
and drag coefficient at higher lift coefficients.

The Reynolds numbers for the data presented in figure 20 were the
seineas those for the data in figures 18 and 19.

Effects of Thickness

The effects of wing thickness on the lift, drag, and pitching-moment
characteristicswere investigated with three.triangular wings of aspect
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ratio 2 with thicknesses of 3, 5, and 8 percent of the stremse chord.
These wings employed the NACA 000X-63 airfoil sections. Further infor-
mation pertaining to the geometric characteristics of these wings of
3-2 5-) ad 8-percent thicknesses and a tabulation of wind-tunnel data
obtained during the investigation can be found in tables 1, VIII, and
IX, respectively.

Lift and pitching moment.- No data are presented showing the lift-
curve slope and aerodynamic-center position near zero lift for the three
triangular wings since a c~arison of the data showed almost no effects
of wing thickness on these c@acteristics. Hence, the previous discus-
sion of such characteristics for the 3-percent-thick wing applies to the
thicker wings as well.

The variation of pitching moment with lift an~to a lesser extent,
the variation of lift with angle of attack were influenced at lift coef-
ficients above approx~tely 0.4 by the thickness of the wing. A
comparison of such characteristics is shown in figures 21 and 22 pre-
senting the variation of lift coefficient with angle of attack and of
pitching-moment coefficient with lift coefficient at three subsonic
Mach ntiers and at a Mach number of 1.53. It will be noted that the
main differences in the pitching-mcment characteristics due to wing
thickness are confined to the subsonic speed range. The results shown for
a Mach number of 1.53 are typical of those obtained in the supersonic
speed range and indicate nearly identical characteristics for the three
wings throughout the lift-coefficient range.

At a Mach number of 0.25, the effects of thiclmess on the pitching-
moment characteristics were very pronounced. The results for the 3-
percent-thick wing show a large decrease in slope of the pitching-mcment
curve between lift coefficients from 0.4 to 0.5 and then a slight increase
at higher lift coefficient. For the 5-percent-thick wing, the stability
decreased only to that of the 3-percent-thickwing at the high lift
coefficients. For both wings, the Mft-curve slope increased in these
regions of reduced stability. However, the results for the 8-percent-
thick wing show neither the increase in lift-curve slope nor the decrease
in stability indicated by the thinner wings.

Of equal importance, were the effects of thickness at Mach numbers
above 0.25. At those speeds, the results for the 5-percent-thick wing
show a sudden decrease in stability between lift coefficients of approx-
imately 0.45 and 0.55 at a Mach number of 0.60 and between 0.6 and 0.7
at a Mach number of 0.9. For the 3-percent-thickwing, data at high lift
coefficients were available only at a Mach number of 0.6, and these data
showed that the region-of reduced stability occurred between lift coef-
ficients of 0.9 and 1.0. In contrast to the effect at a Mach number of
0.25, the lift-curve slope decreased in the region of reduced stability
at the higher Mach numbers. ~urthermore, the data indicate that the
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lift coefficient at which the region of reduced stability occurred
increased with Mach number.

Neither the flow phenomena associated with the region of reduced
stability nor the reasons for the large effects of wing thickness on such
phenomena are understood at present. It is believed that these stability
characteristics are associated with the vortex-separation type of flow
existing near the leading edge of low-aspect-ratio triangular wings
which is influenced more by the shape of the airfoil section near the
leading edge rather than by merely the leading-edge radius or thickness
of the section (see ref. 37).

The regions of reduced stability occurring at subsonic speeds,
because of the nonlinear character of the pitching-moment curves, are
of considerable importance since the results show the minimum static
margin for these wings was determined thereby. Some research has been
devoted to eliminating this region of reduced stability. Unpublished
data from tests of a triangular wing of aspect ratio 2 in the Ames
6- by 6-foot supersonic wind tunnel have shown that leading-edge-chord
extensions tend to eliminate the nonlinear pitching moments at high
subsonic speed.

The data of figure 22 indicate an apparent effect of thickness on
the stability characteristics at a Mach number of 0.9. Above a lift
coefficient of approximately 0.2, the stability of the 3-percent-thick
wing was greater than that of the thicker wings. The results shown
for the 3-percent-thickwing at a Mach number of 0.9 in figures 21 and
22 were obtained in the 6- by 6-foot supersonic wind tunnel, however,
whereas the remainder of the data at subsonic speeds wae obtained in the
12-foot wind tunnel. It is possible that because of the large size of
the triangular wings of aspect ratio 2, in cmparlson with the size of
the 6- by 6-foot wind tunnel, the characteristics of the wing~ were
influenced by unknown constriction effects of the tunnel wall at the
high lift coefficients and a Mach number of 0.9. Such an effect would
explain the large differences in the stability of these wings above a
lift coefficient of approximately 0.2 at a Mach number of 0.9.

The data presented in figures 21 and 22 were obtained at a low
Reynolds number. At Mach numbers above 0.25, the effects of Reynolds
number on the stability characteristics of these wings in the region of
reduced stability could not be determined in this investigationbecause
of the restricted range of lift coefficient at high Reynolds number. At
a Mach number of 0.25, it was possible to test these wings at a Reynolds
number approximately 3-1/2 times greater than that for the data presented.
The stability characteristics of the wings at the higher Reynolds number
were essentially the same as shown in figure 22.

.

.
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Minimum drag coefficient.- A primary purpose for investigating a
series of wings differing only in thickness was to ascertain the effects— —
of thickness on the drag characteristics of the wings. The drag data
for these wings are therefore presented in figure 23. Results for the
8-percent-thick wing at Mach numbers between 0.6 and 0.9 were obtained
only at a low Reynolds number and, therefore, are not showy since the
data presented were obtained at a Reynolds nuuiberof 6 million or greater.

As expected, the results indicate a large increase in minimum drag
coefficient at supersonic speeds with increasing thiclmess. Furthermore,
as indicated by the linearized theory, the increase in minimum drag coef-
ficient was proportional to the square of the thiclmess ratio. The
constant of proportionality was less, however, than indicated by the
the theoretical results of reference 42 for-a triangular wing of aspect
ratio 2 and having a double-wedge section with maximum thickness at
30 percent of the chord. The e~erimental results showed a decrease
in the constant from 2.o to 1.6 between Mach numbers of 1.3 to 1.7,
whereas the theoretical results show an increase from 2.1 to 3.3 in the
same range of Mach numbers.

It is interesting to note that, if the data at supersonic speeds
are extrapolated to a wing of zero thickness, the resultant minimum drag
coefficient is approximately 0.0010 greater than the results at subsonic
speeds. This drag increment csm be accounted for by the wave drag of the

. body. With these data as a guide, it would appear that the viscous drag
for the wings in this program was essentially independent of Mach number
and that the variation of drag with Mach nuniberwas caused entirely by

. wave drag.

Drag due to lift.- The results of figure 23 presenting the quanti’ty,
e/m, indicate that increasing the section thickness and, hence, the
leading-edge radius reduced the drag due to lift. Between Mach numbers
of 0.6 and 0.9, an increase in thickness from 3 to 5 percent of the chord
approximately doubled the value of e/a. Since the lift-curve slope and
minimum drag coefficient were approximately the same for these wings in
this range of Mach numbers, the large effect of thickness on the quantity
e/a resulted in the maximum lift-drag ratio of the 5-percent-thick wing
being as much as 15 percent greater than that for the 3-percent-thick
wing.

At supersonic speeds, the effects of thiclmess on the drag due to
lift were small. The data show that the 5-percent-thick wing had the
highest value of e/a in the supersonic Mach number range. The lsrge
increase in minimum drag coefficient with thickness more than offset this
small advantage of thickness in reducing the drag due to lift, so that the
drag coefficient for the 3-percent-thick wing was less than that for the

.
5-percent-thick wing throughout the range of lift coefficients investi-
gated at supersonic speeds.

.



42 NACA RM A53A30

Effects of Type of Profile

It was mentioned previously in the section entitled “Selection of
Models” that several of the wings would be investigated with both sharp
and round leading edges. The effect of such a section modification was
investigated on wings of both aspect ratios 2 and 3 and of unswept,
sweptback, and triangular plan forms. The airfoil sections investigated
with each plan form were:

1. Biconvex sections 3
50 percent of the

2. Round-nose sections

—

percent thick with maximum ordinate at
wing chord ..

obtained by substituting a semiellipse for

.

—

the forward 50 percent of the wing chord of the biconvex
section noted above —

Further information pertaining to the geometric characteristicsand
a tabulation of the data for the wings with sharp leading edges will be
found in tables IV, VI, VII, and X. Similar information is presented In
tables 111, XI, XII, and XIII for the wings with round leading edges.

The aerodynamic characteristics of the unswept wing of aspect ratio
3 and with round leading edge were previously published in reference 15.
After publication of those results, it was discovered that the bent sting -
used in those tests to obtain a high angle of attack caused the minimum
drag coefficient to be approximately 0.0006 less than that obtained with
the straight sting used for other portions of this progrsm. The unswept .

wing was tested again with the straight sting, therefore, and it is these
later results which are given in table XIII.

Lift and pitching-moment characteristics.-A comparison of the data
for the wings investigated in this portion of the program showed that the
change in section-profilehad almost no effect on ~he-variation of lift
coefficient with angle of attack throughout.the test range. Also in the
case of variation of pitching-moment coefficient with lift coefficient,
no significant effects were noted at high Reynolds number, due to chsnge
in section profile. However, at the low Reynolds number, the data for
the unswept wings with round leading edges did not exhibft the abrupt
change in pitching-mmmnt coefficient near zero lift at high subsonic
Mach numbers which was discussed previously in the section on plan-form
effects.

Drag coeffici.ent.-As pointed out previously, the shqpe of the
airfoil section may have a significant effect on the drag cdmracteristics
of the wing. For wings having little sweep of the leading edges, it is
generally recognized that at Mach nuniberswell above unity sharp leading .

edges -e required for a small wave drag. HGwever, a low value of drag
.—u
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due to lift is generald.yassociated with a wing having round leadingx
edges. The investigation of such effects was the primary purpose of
this portion of the program.

.
The results of figure 24 show that the effect of the section pro-

file on the minimum drag coefficient was affected considerably by Mach
rnmiber,a characteristic in agreement with that determined on a large-
scale unswept wing between hlachnumbers of 0.8 and 1.6 by the rocket-
model technique. (see ref.52.) At Mach numbers less than 1.3,the min-
imum drag coefficient was greater for the wings having sharp leading
edges, whereas with the exception of the sweptback wing of aspect ratio 2,
the opposite effect was obtained at higher Mach numbers. Based upon
theoretical results for wedge-shaped profiles, it is estimated that a
Mach number of 1.3 is approximately that for attachment of the bow wave
to the sharp leading edges for the unswept wings. This fact would
explain the smaller value of minimum drag coefficient for the unswept
wings with sharp leading edges above a Mach number of approximately
1.3,since the wave drag would be smaller after attachment of the bow
wave. At Mach numbers below 1.3, it is believed that the larger minimum
drag coefficient for the wings with sharp leading edges was due to such
edges causing the transition point to be considerably ahead of that for
the wings with round leading edges. It should be noted, however, that
the Reynolds number for these investigations is considerably less than
would be obtained on the full-scale wing. For the rectangular snd swept-
back wings of aspect ratio 2, the Reynolds numbers were 4.4 and 4.8
millions, respectively. For the unswept wings of aspect ratio 3 and the
triangular wings of aspect ratio 4, the Reynolds numbers were 8.3 and

. 9.1 millions, respectively, at a Mach number of 0.25, and2.4 and 4.2
millions at Mach numbers of 0.6 and above. Since these values of Reynolds
number are considerably less thsm would be obtained on the full-scale
wing, the possibility exists that the extent of lsminar boundary layer
on the wing having a round leading edge was greater than on a comparable
full-scale wing; whereas the small extent of the laminar boundary layer
in the cases of the wings with sharp leading edges wouldbe more nearly
the same on both model and full-scale wing. Hence, the improvement in
minimum drag coefficient due to rounding the leading edge may not be as
great for a full-scale wing as indicated by the results shown herein.

One point of inconsistency occurred in the data for the sweptback wing
of aspect ratio 2 and the triangular wing of aspect ratio 4 which is not
understood at present. The angle of sweepback is the same for both wings.
By use of simple sweep theory, it is estimated that the bow wave would
attach to the sharp leading edges of these wings at a Mach nunher of
approximately 1.7. Baged upon the results for the rectangular and unswept
wings, it would be expected that at Mach numbers less than 1.7, the mini-
mum drag coefficient would be less for the wing with a round leading edge

. than for the wing with a sharp leading edge. At higher Mach nunibers,the
opposite characteristic would be expected. The results for the sweptback
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wing of aspect ratio 2 are in
those for the triangular wing
sharp leading edges to have a
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agreement with this reasoning; whereas
of aspect ratio 4 show the wing with

.

smaller minimum drag coefficient than that
for the wing-with round leading edges at Mach n~ers abgve approximately .
1.3.

Included in figure 24 are values of e/a for the various wings to
indicate the effects of section profile on the drag due to lift. In
general, the data show little difference between the values of e/a for
the wings with either sharp or round leading ed es. It should be men-

7tioned that at subsonic speeds the values of (3m generally are appli-
cable only to a lift coefficient of approximately 0.2 and, with increase
in lift coefficient, decrease abruptly. The drag data of figure 24 indi-
cate that at subsonic speeds, the difference in drag due to lift between
that for wings with sharp leading edges and that for wings with round
leading edges was not the ssme for all plan forms. Thus for the trhngu-
lar wing of aspect ratio 4 above a lift coefficient of 0.2, the drag due
to lift for the wing ”witha round leading edge was less than that for the
wing with a sharp leadtig edge; for the unswept wing of aspect ratio 3

-.

and the sweptback wing of aspect ratio 2, the drag due to lift was essen-
tially the same for the wing with either section; for the unswept wing of
aspect ratio 2, the drag due to lift for the wing with a round leading
edge was greater thsm that for the wing with a sharp leading edge.

Effects of Csmber and Twist

.

In the section on Selection of Models, it was stated that a theoret-
ical study in reference 18 had shown that csmber and twist could be

—

employed on a sweptback wing to obtain a low value of drag due to lift.
Further study, based upon the results of reference 18, indicated a similar
effect for trisagular wings. The theoretical study showed that a low
value of drag due to lift could be obtained with two types of camber,
one designed to produce a trapezoidal span load distribution and the
other, a nearly elliptical span load distribution. Several wings incor-
porating these types of camber were investigated, therefore, in order to
evaluate experimentally the effects of csmber and twist for triangular
wings. Two of the wings were csmbered and twisted to produce the trape-
zoidal span load distribution and had aspect ratios of 2 and 4 and NACA
0005-63 thickness distributions. The design lift coefficients for these
wings were 0.25 a.ta Mach number of 1.53 and 0.35 at a Mach number of

_.

1.15, respectively. Tabulated data obtained during the investigation of
these wings are presented in tables XIV and XV; results for the correspond-
ing plane wings are presented in tables VIII and XVI. Two wings of aspect
ratio 2 and having NAC!A0003-63 and 0005-63 thickness distributions were
also cambered and twisted for the nearly elliptical span load distribution. -
The design lift coefficient for both wings was 0.25 at a Mach number of

—
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. 1.53. Tabulated data obtained during the investigation of these wings
are presented in tables XVII and XVIII; results for the corresponding
plane wings are given in tables I and VIII.

.
Analysis of the results for these csmbered and twisted wings showed

that the drag due to lift and the minimum drag coefficient was consider-
ably higher for the wing having the trapezoidal span load distribution
than for the wing having a nearly elliptical span load distribution.
This characteristic was attributed to the differences in the pressure
distributions occurring on these wings at the design conditions. For
the wing having the trapezoidal span load distribution, there is an abrupt
adverse gradient in the pressure distribution determined theoretically.
The abrupt gradient occurs along a straight line passing through the
wing apex and a point on the trailing edge five eighths of the semispan
frcm the plane of symmetry. In contrast, the wing having a nearly
elliptical span load distribution has a smooth adverse pressure gradient
from the leading to trailing edge of the wing. The abrupt gradient will
cause premature separation of the boundary layer, thereby resulting in a
higher drag coefficient for the wing tith the trapezoidal span load dis-
tribution than for the wing with the elliptical span load distributim.
For this reason, as well as the fact that the wing having a nearly
elliptical span load distribution is plane over a considerable portion
of the wing area, it was believed that the results for this latter’wing
would b-eof greater interest and, hence, only those data will be discussed

. hereinafter.

Lift and pitching moment.- Since the lift-curve slope and aerodynamic
. center near zeroli.ftare influenced primarily by the wing plan form, it

would be expected that such characteristics for the caniberedwing would
be essentially the same as for the plane wing of corresponding plan form.
Such was the case as indicated by the results shown in figures 25 and
26. In these figures, the variation of lift coefficient with angle of
attack and pitching-moment coefficient with lift coefficient are shown
for-the plane and caniberedwings of 3- and 5-percent thickness at three
subsonic Mach numbers and a Mach number of 1.53. In all cases shown,
the curves of the lift and pitching-moment characteristics of the cam-
bered wings are parallel, although displaced, to those of the plme wings
near zero lift. In the case of the variation of lift with angle of
attack, the displacement of the curve is of little importance.s However,
in the case of the variation of pitching-mczuentcoefficient with lift
coefficient, the csmbered wing showed .apositive pitching moment at zero
lift for the Mach numbers included in the figure. Such a characteristic
would result in a decrease in the increment of pitching moment required

%or the caibered wings discussed herein, the wing chord at the plane of
symmetry was coincident with the axis of the body. The angle of attack

. for the cambered wings is measured, therefore, with respect to the
chord at the plane of symmetry.
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to trim the airplane under flight conditions and therefore a slight
reduction in trim drag. Unfortunately, this effect of ceziberon the

.

pitching moment at zero lift reduced with increasing Mach number, becoming
almost insignificant at a ~ch number of 1.7. .

At the higher lift coefficients, the effects of csmber on the lift
and pitching-moment characteristicswere generally small. However, the

results for the 5-percent-thickwing at a Mach number of 0.60 did show a
significant effect. It will be noticed that the region of reduced sta-
bility, previously discussed in connection with the effects of thickness
on the triangular wings of aspect rati~ 2> occwred at a consfderab~y
higher lift coefficient in the case of the cambered ting (CL = 0.75)
than in the case of the plane wing (~ =0.45). This comparison adds
further support to the belief that the reduced-stability region is
associated with the vortex-separation type of flow near the wing leading
edge. Since the camber is obtained by drooping the wing leading edge,
the angle of attack and, hence, the lift coefficient for the cambered
wing may be increased over that of the plane wing before separation
occurs near the leading edge. These results indicate the possibility,
therefore, that correctly drooping the leading edge of an aspect ratio 2
triangular wing may delay to a lift coefficient beyond the flight range
the undesirable reduced-stability region.

The results shown in figures 25 and 26 have been obtained at low
Reynolds numbers in order not to restrict the lift-coefficient range.
Within the range of lift coefficients for which data were available, up
to a lift coefficient of roughly 0.5, increase in Reynolds number to
16.6 x 10e at a Mach number of 0.25 and to 7:5 x 108 at other speeds
caused no appreciable changes in the lift and pitching-moment character-
istics of the cambered wings.

Drag coefficient.- The primary purpose for investigating the various
csmbered wings was to determine the effects of camber on the drag coef-
ficient. Such effects are shown in figure 27, wherein the dxag coefficient
at constant lift coefficient is shown in relation to Mach number for the
csmbered smd plane wings of 3- and 5-percent‘tlickness. The results show
that throughout the Mach number range, the drag coefficient at zero lift
was lower for the plane wings than for the comparable cambered wings.
For lift coefficients above approximate= 0.1, however, the drag coef-
ficient for the csnbered wing was lower. The results indicate, therefore,
that the potentialities for reducing the drag due to lift indicated by
the theory were more fully realized in the case of a cambered wing having
subsonic leading edges than in the case of a plane wing with subsonic
leading edges.

These benefits of camber arose from the fact thatj at the design
lift coefficient, the lifting force vector was inclined farther forward
in the case of the cambered wing than for the plane wing. The more

c~

1
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, forward inclination of the force vector in the case of the cambered wing
at the design lift coefficient was due to the fact that, as indicated
by theory, lifting pressures occurred on those portions of the wing which

. were drooped. Thus there resulted a component of this force in the thrust
direction which caused the vector to be inclined forward. In the case of
the plane wing, the analogous effect, which theoretical considerations
indicate will cause a forward inclination of the force vector, that is,
high lifting pressures acting near the leading edge, was considerably
less than predicted.

In the off-design condition the lift distribution on a cambered
and twisted wing can be considered as that due to camber and twist and
that due to change in angle of attack. The drag of the cauiberedand
twisted wing results from both types of lift distribution. The effect
of change in angle of attack on the drag characteristics of the cambered
and twisted wings was very similar to that for the plane wings. For
the 3-percent-thickwings, the curvature of the drag polar was approxi-
mately the same for both the plane and cambered and twisted wing in the
lift-coefficient range wherein the shape of the polar was parabolic. For
the 5-percent-thick cambered and twisted wing, the curvature of the drag
polar was greater than that of the 5-percent-thick plane wing and more
closely resembled that of the 3-percent plane wing.

It will be noticed that reduction in drag coefficient due to caniber
. was not as great for the 5-percent-thick wing as for the 3-percent-thick

wing. This effect resulted from the fact that, as discussed previously
for the uncsniberedwings, the inclination of the force vector for the

. 5-percent-thick wing was farther forward than that for the 3-percent-
thick wing and, thus, a greater portion of the reduction in drag due to
lift indicated by the theory was realized by the thicker wing. In the
case of csniberedwings of both thicbesses, however, the vsriation of
drag due to lift at Mach numbers where shock waves were not present was
nearly the sane. It appears, therefore, that the beneficial effects of
thiclmess or csmber in reducing the drag coefficient sre not additive
and that the reduction in drag in each case stems from the same cause;
that is, the surface area of the wing near the leading edge inclined
forward has been increased either by drooping the leading edge or increas-
ing the section thickness so that the lifting pressure acting on these
surfaces results in a greater component of force in the thrust direction
and, therefore, a more forward inclination of the force vector.

The beneficial effect of csmber in reducing the drag coefficient is
seen to he greatest at the subsonic Mach numbers and decreases with
increasing Mach number. At a Mach number of 1.7, the effect was negli-
gible. This characteristic was also evident in a comparison of the data
for the wings with the other type of csmber investigated in this program..
The results showed that when the Mach number exceeded that at which the
component of the free-stream Mach number perpendicular to the leading
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edge was approximately 0.7, no further benefits of camber were realized.
In fact, in the case of the triangular wing of aspect ratio 4 where

.

appropriate data were available, further increase in Mach number resulted “-
in a detrimental effect on the drag coefficient due to the use of camber. .

CONCLUSIONS

The present report presents results of-a coordinated progrsm to
investigate the effects of aspect ratio, PIW form, thickness, thickness
distribution, and camber and twist on the lift, drag, and pitching-moment
characteristics of low-aspect-ratiowings in combination with a body at
Mach numbers from 0.27 to as high as 1..9.

1. The investigation of a series of 3-percent-thick triangular
wings of aspect ratios 2, 3, and 4 showed that:

(a) The lift-curve slope was predicted satisfactorilyby linearized
theory over much of the subsonic speed range but, at Mach numbers near
unity and over portions of the supersonic speed range, the extent depend- s
ing on aspect ratio, the lift-curve slopes predicted by theory were not

—

in close agreement With experimental results.

(b) Linearized theory satisfactorily indicated the effects of
Mach number and aspect ratio on the position of the aerodynamic center,

.

which moved rearward with increasing Mach n~ber at subsonic speeds.
The over-all travel of the aerodynamic center increased with aspect ratio. ●

(c) The minimum drag coefficient increased with aspect ratio at
supersonic speeds. .—

(d) The drag due to lift was not predicted accurately by available
theoretical methods. In general, it appeared to be more accurate to

—

calculate the drag due to lift at supersonic speeds, assuming that the
net force on the airfoil due to angle of attack is normal to the chord
line, thanto use the available theoretical methods which include lead~g- ““ -
edge thrust.

2. The investigation of a series of 3-percent-thickwings having
sweptback, unswept, and triangular plan forms of asyect ratios 2 and 3 __ ~
showed that:

(a) As predictedby linearized theory, the lift-curve slope near
zero lift decreased with increasing sweepback of the leading edge; with

.

increasing Mach number the effects of plan ~rm and aspect ratio ofil~ft-
curve slope diminished and essentially vanished at the highest supersonic

.—

Mach number.
.
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(b) Linearized theory satisfactorily predicted the location of the.
aerodynamic center at supersonic speeds for wings with subsonic leading
edges, but predicted a location behind that determined experimentally

. for wings with supersonic leading edges.

(c) The over-all travel of the aerodynamic center with variation
in Mach number decreased with increasing sweepback of the leading edge.

(d) At low supersonic Mach numbers, the minimum drag coefficient
decreased with increasing sweepback. However, the wings of lesser
sweep and with sharp leading edges showed a greater decrease in minimum
drag coefficient with increasing Mach number,sothat above a Mach number
of 1.6, the minimum drag coefficient was lowest for an unswept tapered
wing of aspect ratio 3 with sharp leading edges.

3. The investigation of a series of triangular wings of aspect
ratio 2 with NACA OOOX-63 series airfoil section and thicknesses of 3,
5, and 8 percent showed that:

(a) Lift-curve slope and aerodynamic center near zero lift were
almost unaffected by thickness.

(b) Thickness affected the stability characteristics at moderate
lift coefficients at high subsonic Mach numbers, the 3-percent- and 5-

. percent-thick wings having an abrupt decrease in stability over a small
range of lift coefficients.

. (c) The wave drag was proportional
as predicted by linear theory.

(d) The drag due to lift decreased
3 percent to 5 percent, the effect being

to the thickness ratio squared,

with increase in thickness from
most pronounced at Mach numbers

of 0.9 and below.

4. The investigation
leading edges showed that:

(a] The shape of the

of a series of wings having sharp and round

airfoil section had almost no effect on the
lift ad pitching~moment characteristics.

(b) The airfoil section affected the minimum drag coefficient, in
general; the wings tith sharp leading edges had a lower value at super-
sonic speeds (above those estimated for attachment of the bow wave) and
a higher value at subsonic speeds.

(c) In general, the effects of airfoil
. lift were small.

section on the drag due to
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5. An investigation to determine the effects of twist and csmber
on triangular wings of aspect ratio 2 and having 3- and 5-percent
thiclmesses showed that:

(a) The lift-curve slope and aerodynamic center were unaffected by
the camber and twist. The camber and twist caused a small positive
pitching moment at zero lift up to a Mach number of 1.7.

.
.—

.

(b) The drag coefficient for the cambered ~d twisted wing was less
than that for the plane wing at lift coefficients above approximately 0.1
up to Mach nuuibersat which the component of the free-stream Mach number
perpendicular to the leading edge exceeded approximately 0.7.

Ames Aeronautical kboratory
National Advisory Comittee for Aeronautics

Moffett Field, Calif.
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TABLE I.- GEOMETRIC CHARACZTRISTICS AND WIND-TUNNEL DATA FOR A PLANE
TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0003-63 SECTION

(a) Geometric characteristics

Aa~tihm
- of- /w##d

.

.

Aspctratio . . . . . . . . . .
Taper ratio . . . . . . . . . .
Airfoil section (streamwise) ...
Total area, square feet . . . .
Wan aercdymmic chord, E, feet
Mhedral, degrees . . . . . . .
Twist, degrees . . . . . . . . .
Incidence,degrees . . . . . . .
Camber . . . . . . . . . . . . .
Dlste.nce,king reference plane tc

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . ...” ......~~

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . ...6 .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .
!bdyaxls, feet... . . . . . . . . . .

. . 2

&63-5;
4.014
~.m

.. 0

.. 0

.. 0

. None

. . 0
.

(b) Data obtained in Ames 12-foot pressure wind tunnel

.,/

.880

.*3
l.om
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-.006

.2998

.36-31

.4@3

.3382

.61.01
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.440 .0775
.550 .U53
.653 .J566
.761 .2n7
.861 .273.3
.glk .3238
.994 . s14

1.100 . W02
-,004 .COS7

O.ml o -0.C05O.OWI-0.0310
.523 ~ -.71-.033.0072 .C03-.76
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a I I
cLq~ a

I
cL~~ a CL ~~

M=O.a R-@ULW
i M=o.60R=4.9)CLOSI M-o.25R-9.3xW i WKJ.25R-M.6xlcF

o -O.(K%o.oo~o 0
-.71-.031.Cc61.003
0

-.~l
-:K)& ;:5J o

1.01
2.02

-d :.01
.063.0364-.GO$.

3.03 .U6 .Olog-.017M
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5.05 .192.Oma -.0285.f.y5

.234 .0242-,0336.o7
;:: .332.0454 -.0468.09
.0.11.423.0710-.05511o.12
2.14 .596 .1o1o -.05L :;;
JL16
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.~ .l~ -X@

.694.185g-.08016:20

.793 .2418 -.@ 18.23
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2,25 -.lGg 22,26
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0 .Q357o I

::% ;4.,6
-.I.0216.18
-.112 1.8.21
-.m 20.24
-.I-2622.26
-.14424.28
-ml 26.31

8.32
0

.55’6

.692

.800

.8s’4

.975
1.CE6
1.I.60
1,213
-.003

%

1
.14

.1370-.~ 4.16

.1834-.0816.19

.2413-.@2 8.21

.3032-.I.039.23

.3676-.U2 o

.4463-.122

.5358:.130
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.oa54o

O.cogo.oo6go
-.03’7.C073 .003
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.068.(x@ -,010
.105.0102-.o16
.14.2,Owg ..@l
.I.83.0162..ccq
.=7 .02J.6-.034
.316.03a2-.047
.41.3.C637-.oy
.508.0962 -.O@
.603 .1363-.074
.700.1833-.OM
.793.2391 -.094
.853 .2717-.W
-an .0080-.001

A

~“

.
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TABLE I.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PLANE TRIANGULAR WING OF ASPECT RATIO 2 WITH

NACA 0003-63 SECTION - Concluded
(c)Data obtained in Ames 6- by 6-foot supersonic wind tunnel

s I k i% I%1’ 1’%1% ~1”1 ~ Q I~ -1~1~1~ ‘l~l~l~ =1~1’=1~
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:35 % :% ;= :$$ ~$ :5 :% $$ J& .Cg ;~ ::; :%J :% %J
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TA3LE II.- GEOMETRIC CHARACTERISTICS ti WIND-TUNilELDATA F~ A PLANE
TRIANGULAR WING OF ASPECT FuVTIO3 WITH NACA 0003-63 SECTION

(a) Geometric characteristics

All dimensions Shownininohes

A
—.—

a

-iz7
r

-.71
0

1.00
2.01
3.02
4.03
5.04
6.05
8.06

10.08
L2.og
14.11
16.=
18.14
20.15
22.16
24.16
Q6.17
28.17
D

—/z32+#.58 —q

I
/t5f9

-----
—- --- ●

✍✍

Aspectretio. . ;. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
AirfOil~ectiOn (stremwiae) . . . . . . . . . . . . . . . . . . . . . lWAQ303-63

L

3
. 0

Total area,6qus&feet .; . . . . . . . . ;. . . . . . . . . . . . . . . 2:425
Mean aerodynamic chord,6, feet . . . . . . . . . . . . . . . . . . . . . . l.lgg
Dihedre.l,degreea. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Twiet, degree~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Incidence, de~eea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Camber. . . . . . . . .: . . . . . . . . . . . . . . . . . . . . . . . . . . lVOne
Distance, wingreferenceplene totdyaxis, feet . . . . . . . . . . . . . . . 0

%1% I%ltl -1‘%
5 Rti

T

-0.01.O0
-.046
-.o11
AA

(b) Data obtained in Ames 12-foot pressure wind tunnel

ii5Eia-

T1.00780.001.0081.005
.W(8 .W1
.0382 -.OA

I

.&l .Od! -.0235.CA .23A.0w7

.W .0326-Sow 6.04 .283.0s

$g :3 ::$ !::? :~ :=
.1327-.052lzl.lo
.l~ -.0%5lkll .702ho k lLI .708:16U

:Z2 ::% ‘%: :% :%% ::% ‘0 ‘“w “*76
.3332-.08420.15 .937.3243-.05g
.3852-.M4 22.I.6
.0078 -.002 24.16 1:?? :?% ::02

26.16 1.023.k8g9-.108
28.17 1.043 .54!57 -*115
o -.03.0 .0072 .031

..023

..028

..035
,.039
..04.4
“.04

●

.

.

.
.-.-
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TABLE II.- GEOMITI!RICCHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PIANZ TRI#MUIAR WING OF ASPECT?RATIO 3 WITH

NACA 0003-63 SECTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

.

.

59
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TABLE III.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL
DATA FOR A PIANX TRIAI?GUIARWING OF ASPECT RATIO 4

WITH 3-PERCENT-THICK ROUNDED-NOSE SECTION
(a) Geometric characteristics

All dimensions shownin hches

/

.-

A8pect
-——

.

I

..— ----—.,-----

~-m5-l-,8..9–

~46”-
ratio . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .4–..

wperre. me...... .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . ..u
Airfoil 5ecti0n (stremwise) . . . . . . . . . 3-percent-thickbicmvex with ellipticalnose
TotaLame,n qu.9refeet, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4G
Meanaerdynamlcc .hard.,G, fat . . . . . . . . . . . . . . . . . . . . . . . . . . I.0*
Dihedral, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Twist, degrees . ..o. . . . . . . .. O.... . . . . . . . . . . . . . . . . . ..O
Incidence,degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...0
Oamber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. lime
Distance,wing referenceplane to bc.dytia, feet . . . . . . ... . . . . . . . . . . . 0

(b) Data obtained in Ames 12-foot pressure wind tunnel

a % % % a ~ % %’

M&. 25 R-2.WOe H M-o.&l R-2.7’xlD”

o
-.75
0.
1.00
2.CQ
3.CCI
4.CO

w
8.01
10.02
1.2.02
14.03
16.04
L8.ok
20.05
22.06
2L07

2:$
0

H

0.0100.Q366o 0 -0.0100.0072 0
-.047.0103.002 -.71-.052Jge#-:%
-.010.m72o 0 ..010
.Ow .0384-.0341.01 .054.m89-.037
.lo’i.0104-.009 2.02 .096 .Oloi-.o1o
;:7: s)::-.0123.03 .173.0149-.o16

-.Olg 4.CJ!.231.0213-.0L8
.290.0%6-.OI.5S.03 .Qo .0307-.@l
.345.0395-.0166.06
.460.0663-.0168.03 :2$ :%: ::%
.545.0956-.01310.09 :g .1o40-.022
.633.1317-.o12li?.u .1434-.026
.714.174Q-.01414.12 .746.1868-.034

I II
.+02 .-ii+& -.020 i6.u iS& .~a? -.%
.839 ,27k3 -.o48 1.8.I.3 . -.
.874.*7 -.072 2Q.lL .84? .3i79 -.093
.896 .3653-.07922.14 .874.3638-.103
.gllAC@ -.08724.14Ax!& AC& -.lu
.919.b559-.0360 . -.034
-:g LXJEJ-J&

I 1 II I I I

M-O.= R-5.Ol%lOe [ M=O.25 R-9.lxl@ I

o
-.71
0
l.m

R
pot

;::
10.0$
L2.lo
L4.I.Z
16.13
L8.13
20.14
22.14
24.15
26.1:
23.1:
0

-0.00$
-.oy
-.010
.046
.IJ.l
.179
.228
.s0
.3%
.454
.*
.6&7
.723
.798
.839
.872
.887
.gll
.*
.9%
-.oli?

0,0074
.C080
Ax&

.0105

.0149

.oa33

.C@73

.0395

.0643

.0978

.E@

.1780

.2256

.2755

.3220

.3643

.4121

.4651

.51W

.UJ74

.00

-.~ 2.02 .Ilo.- -.0Q9
-.o133.03 .166.OI.26-.013
-.CU44.04 .225.OI.82-.o16
-.0175.05
-.0176.05 :$? :%; ::::
-.0L68.07 .ky).0620-.017
-.013:1o.09
-.01412.1o :% %! ::%
-.OI.61K12 .743.1784-.019
-,0220 -.038.0383-.ce2
-.053
-.075
-.c&
-.037
-.@5
-.095
-.031

.

.
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.

.

TABLE III.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PLANE TRIANGULAR WING OF ASPECT RATIO 4 WITH 3-PERCENT-THICK

ROUNDED-NOSE SECTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

d Ea.- I U-Lla S——2a@



62 mm!mw!m. NACA RM A53A30

TMBIX IV.- GECMWIRIC CHARACTERISTICSAND WIND-TUNNEL DATA FCR A PLANE
~ WING OF ASPECT RATIO 3●1 ~TH 3-~CENT-T~CK DICO- SE~lON

(a) Geometric characteristics

.

nAll dimensionsshownIn inches

I
K42

I 4 \
t t 23 1—.
f ‘, =-++ --

—X4

— 19.47

5.68 +

l—-,,.,,+
— 46.93 ●

------
-------

A~at ratio . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . .
Alrfoflsection(stmamrise) . . . . .
Totalere.a,aquarefeet . . . . . . .
Mean w~c ckmrd,E, feet . . .
Dihedral,degreea. . . . . . . . . . .
!lWk+t,degma. . . . . . . . . . . .
Inciclence,&egreee. . . . . . . . . .
Cambe r . . . . . . . . . . . . . . .
Distance,wing referencepl.meta body

3.08
.3M

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . J-percent-thickbixonvex

. . . . . . . . . . . . . . . . . 2.425

. . . . . . . . . . . . . . . . . .944

. . . . . . . . . . . . . . . . . . . 0

. . . . . . . . . . . . . . . . . . . 0

. . . . . . . . . . . . . . . . . . . 0

. . . . . . . . . . . . . . . . . . now
axia,feet . . . . . . . . . . ...0

(b) Data obtained in Ames 12-foot pressure wind tunnel

M-x23 R-2.4XM u M-o.@ iw.kuoe

o -0.0080.0158-0.WQ o -&cog0.0094-o.ml
-.76-.052.CW2-.003-.71-.054 -.C05
o -.OI.3.m8a .0010 -.010 -.W1
1.(N .042.K&3 .006l.fx .053 .035
2.02 .IJO .01.u .Olr?2.02 .U.o .O1.o
3.03 .168.Olyl.0233.03 .172 .015
4.04 .=6 .021.3.0214.04 .247

.0265.05 .312 :%
% :% :%% .0316.05 .384 .C@7
8.c8 .o16
10.10.615.W5 -.OU
12..u.697.1566 -.054
14.11.7ul.18a8
16.u

-.074
-.078

18.11.704.2452 -.081
20.I.2.725.2802 ..078

-.*
-.099
-.106
-.Llo

o )“ I -:-6051 ilo31-.005

o l-o.oldo.aw310 I o I-O.01310.OW O.mx I

1.01
2.02
3.03
4.04
5.05

M
Lo.lo
IQ.11
1.4.11
L6.11
L&n

-.055
-.o12
.042
.103
.169
.223
.285
.y.l
.479
.6U
.704

:%

WJ

.825

.854

.861 I
.(x@ -.c03-.76
.0C94o
.IMg2.035LX
.Oul .O1o2.02
.0154.o163.03
.02#6.0= k.ok
;CG!E&.@& :.G+J

f&l :~ 8:08
.IO

.ss3-.@@ .=

.18g2-.0730

.21%-.079

.245L-.o78

.2380-.083

.3368-J%3

.37=-.086

.432-7-.091

.4768-.099
o I -.w71 .oiml-.053l 1 I, ■

-.C04
-.ca
.005

:83
.017

..002
-.024
-.(?33

,

..
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TABLE rv.- GEOMETRIC CEARAC’ITRISTICSAND WIND-TUNNEL DATA
FOR A PLANX TAPERED WING OF ASPECT RATIO 3.1 WITH
3-PERCENT-THICK 2-CONVEX SECTION - Concluded

(c) Data obtained in Ames 6- bv 6-foot supersonic wind tunnel

63

.

a
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TABLE V.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
PLANE 45° SWEFTBACK WING OF ASPECT RATIO 3

WITE 3-PERCENT-THICKBICONWEX SECTION
(a) Geometric characteristics

a

M=o.

-.’m
o
1.01
2.01

it;;
5.04
6.o5
8.08
lo.og
ls.11
14.5.2
16.I.3
18.14
2Q.lb
*.14
2#J

2&5
o

All ahsnsfons shown In Inches

// I

// /6.20

I 1
+ mP38 I

—. ----- 1ir--~- \ -..-i
x -1

: /-%]

I

0

#.@ ::+.7J
46SU

4 2s59.50 *

Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Taper ratio ..,...... . . . . . . . . . . . . . . . . . . . . . . . .:
Airfoil section (streetwise). . . . . . . . . . . . . 3-percent.-t.hickbiconvex
Total ama,mquwefeet . . . . . . . . . . . . . . . . . . . . . . . . 2.430
MeOUaerodymmlc chord, E,feet . . . . . . . . . . . . . . . . . . . . . .956
Dfhedze.l.,ilegreee.. . , . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Twl.et,degrees. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Incidence, degreea. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Camber. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . None
Din-e, vingreferenmplme tobo~uln,feet . . . . . . . . . . . . . 0

(b) Data obtained in Ames 12-foot Tressure wind tunnel

% I%ldd%l%l’dd% l%, pmb l% 1%
i RQ2.XO” WO.a R*$$U05 U ITa25 RA.7%LO” X4. 2, R-8.kx10s

0.0070.0062 ,0
-.047.Oo’pJo.oo1

m 0002-oc02 -0.0100.00830 ).016 0.CQ80
-.76

-0.001
-%.( O:w@ -:002

-.007.00620 0 -:s& Ox& .y22
-.040.00850 :.74 ..053@’J85o
-.010.0081o“ o

.027.Oo&l.ml 1.o1.
..OI.4.C#l o

1.W .026.CCW .m2 1.00
,094.Ooapo 2.02 .0g8.o1o3

.032.00840
-.0022.01 .080.O1.fx.CQ1 2.01

S58 .o1380
.21.4.ol@-.001‘ pg :% :% -g; :.o& J& .@& O.oo1 :.$ ;fJ $: “;.W1

.278.02@-.003!s.05.9 .03J.3-.o1oy:cfj.283:02%7-.@ 5:03 .270.=-m -.m4

!%??2 i% $!!! !!!!iii ::; i:? $fi ?gi!;% !,!;% % !$s %!
.660.lW .00112.11 .684.1465-.013J&l .659.1378.00112.11 .659:M+5 -.003
.742.1827.00114.12 .76g.193!5-.01914.H .750 .1842 -.021 13,.62.728.1641-.003
.814 .W -.00516.13 .807 .2364-.0343 16.13 .832.2359-.006 0
.847.278’7-.04418.13 .826.27%

.O11JN8b -.oo1
-.05718.14 .865.28W-.036

.867. ..2=6 -W5 20.14 .853 .s “.- zcl.14 .894 .m -.055
Agl .@50 -.056! 2Z.J.4 .873 .3636 -.074 22.1P .91.5
.glo .4117 ..063 24.14 ‘Agl .409’7 -.(WQ 24.1$ +& :ig ::g
●944 .4663 -.069 a5.15 -:~3 A& -.084 26* . -.

-:% W& ;.078 0 -.005 286U
.% :3 ::%2
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NACA RM A53A30 65
TABLE v.- GEOMETRIC CIMRACTERISTICS AND WIND-TUNNEL DATA FOR A

_ 45° SWEFTBACK WING OF As~CT ~TIO 3 W~E
3-_CENT-THICK BICONVEX SECTION - Concluded

(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
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TABLE VI.- GEOMETRIC CHARACTERISTICSAND VIND-~ DATA FOR A F’IARE
RECTANGULAR WING OF ASPECT RATZO 2 WITE 3-PERCENT-

THICK BICONVEX SECTION
(a) Geometric characteristics

All dimensions shown in inches
unless otherwise noted

---+
--

“----- -----
.d--m --

b /‘59.50 a

Aspect ratio . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . .
Airfoil section(streamwLee). . . , .
Total area, squarefeet. . . . . . . .
Mean aerodynamicchord,~, feet . . .
Dihedral}degrees.. . . . . . . . . .
!l?uiatjdegre ea..... . . . . . . .
Incidence,degrees . . . . . . . . . .
Camber . . . . . . . . . . . . . . . .
Disteace,wing referenceplane to body

..0

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .
axis,

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .
feet

1

. . . . . . . . . . . . . 2

. . . . . . . . . . . . . 1

. . s-percent-thickbiconvex

.* ...* . . . . . 2.430

. . . . . . . . . . . 1.102

. . ...* . . . . . . ● o

. ..**. . . . . . . . 0

. . . . . . . . . . . . . 0

. . . . . . . . . . . . None

. . . . . . ● ✎ ✎ ✎ ✎ ✎ ✎ 0

r

.
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TABLE VI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNXL DATA
FOR A PIANX RECTANGULAR WING OF ASPECT RATIO 2 WITH

3-PERCENT-THICK BICONWEX SECTION - Concluded
(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

I ,

67
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TABLilIVII.- GEOMBTRIC C!HARACLKERISTICSAND WIND-TUNNEL DATA
FOR A PLANE 45° SWEPTBACK WING OF ASPECT RATIO 2

WITH 3-PERCENT-THICKBICONVEX SECTZON
(a) Geometric ch=acteristics

All dimensions shown in inches
unless otherwise noted

/=

, x-+

1-6.6/4

Aspect ratio . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . .
Atifoil section (streamwise). . . . .
Total area, square feet. . . . . . . .
Mean aerodynamicchord, 5, feet . . .
Dihedral,degrees ~ . . . . . . . . .
Twietj degrees . . . . . . . . . . .
Incidencejdegrees . . . . . . . . . .
Camber. . . . . . . . . . . . . . . .
Distance, wing reference plane to body

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. ...*. .

. . . . . . ●

✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎

. . . . . . .
axis, feet .

#

/3.23

----g~~
——
m----a- ==1

. . . . . . . . . . . . 2

. . . . . . . . . . . .333

. j-percent-thick biconvex

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .
,.
. .
. .
. .

. .

. .

. .
● ✎

✎ ✎

✎ ✎

✎ ✎

. .

. .

.0

. .

● .

. .

. .

.

.

. . 2.430

. . l.lgk

. . . . 0

. . . . 0

. . . . 0 *
None

—
. . .
. . . . 0

—

.
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TABLJlVII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A PLANE h5° SWXFTBACK WING OF ASPECT RATIO 2 WITH

3-~CENT-THICK BICONVEX SECTION - Concluded
(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

69

.
H-0A 5P1.3MO*n ii-on E-L9ao* )KI.M R-la.aos n E-%91

-o.m -o.@a O.anl -am .27 -o.olg3.W7-I-o
-.% -.031 .Om -.0=

.W -.034 .0a3 -.On.-1.07 -Al .0@? -.oce -1.07 -.C?4

.13 -.U6 .Ouo -ml -’2.~ -.U9 .- -- ~.17 -.=

.2.?-.177 .13vT -.WI -3.23 -.12.3.0155
-L.27 -.2P .=24

.CO1 -3.25 ..L?3
.ml -h.’a ..W .C@

.=5 --ml .WT9 -.W1
.m2 -Wk -al

.25 -:a& .Cu7& ;.a# .= 0 .mn 0 .21 .KO

.76 .CQ3 .0077 0
.?Z &13 .Cui-r0 .91 .Ou

1A+
.78 .=7 m 0 .?-2 .@

.032 .Oal 0 l.a .OLa .Ka o
2.U

l.d .039

3.11
ml Al@ -.m 2J3 .200 .01a3 -sol 2.1

.ti -.W La .2m .U2?2 -cd b.33

12.2i .645 .lW -.& .’73 Z43 .1?%3 -.037=
Lb.il
L6.& .8?3 .Zm9 ..C63
LT.* .835 A-m -.055
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TABLE VIII.- GEOME’TRICCHARACTERISTICSAND WIND—TUNNEL DATA FOR A
PLANE TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0005-63 SECTION

(a) Geometric characteristics

All dimensionsshownin I&es
unlessothertise noted

21J2—, 34.00 ~

------------
-- ●

✍✍✍✍✍✍ �✍✍✍❞

Aspect ratio . . . . . . . . . . .
Taper ratio . . . . . . . . . . .
Airfoil section (streamwise) . . .
Total area, sqwe feet . . . . .
Mean aerodynamic chord, 6, feet .
Dihedral, degrees . ...
Twist, degrees . . . . .
Incidence, degrees . . .
Camber . . . .
Distance,

. . . . .
reference

. . . . .

. . . . .

. ...*

. . . . .

.

.

.

.

.

.

.
●

●

. .

. .

. .

. .

. .

. .

. .

. .

. .

●

✎

.. -

.

. . .

. . .

. . .

. . .

. . .

. . .

. . .

.*.

. . .

. . .

. . .

. . .

. . .

.*.

.*.

. . .

. . .

. . .
pleme to body tis, feet .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .
■.”*

. .

. .

. .
,.
. .
. .
. .
.0

. .

.0

.

.

.

.

.

.

.

.

.

.

. . . . . . 2

: “~& ~5-6!
. . . . 4.014
. . . . 1.889
. . . . . . 0
. . . . . . 0
. . . . . . 0
. . . . . None
. . . . . . 0

.

.
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TABLEVIII.-GEOMETRICCHAMCTERISTICSANDWIND—TUNNELDATAFORAPLANE
TRIANGULARWINGOF ASPECTRATIO2 WITHNACA0005-63SECTION - Continued

(b) Data obtained in Ames 12-faot pressure wind tunnel

“1%1%1%
IW.42 .H.W

0.- 0.0333 0-L -.UJ .o~ .OIT
ace -.035 .W% A3&
-1.01p mm
0. .C.M 0
1.o1.Cb3 .- -.03
P..- .0$3 .K.31 -.OU
9.03 .Im .- ..OI.3
k..m .s .0115 -.’=2
X6 .= .~ -.@
6.07 .e .Ca16 -.033
8.10 .332 .&* -.OM
M.M .Ua .073? -.*
=-u .* .- -.~
14.17 .6M .14W -.078
166 jg yg -..

m.a .9s ,31M -.106
=.37 I.& .?&J --w
&ha l.ld Mm -.=
a .CfQ .Ow 0

m.a bs. Od

ace4 0.033 O.ml
-;.03 -.ru .01a3 .OM
-2e -.&6 .Cdk .016
-1.01-.* .0=3 .Um
0 -.* .0345 .W1
1.01 .042 .0$?’2-.m
2.03!.C81 .mo -al
3.03 .U9 .mn -Au
M4 .L6a .Oul -.a

8.W .3k4 .oiso -.*
Z&n # .% :%
IQ.14 . .
lJ.IJ ;(QI J% -.079

km .% :% :%
W.* .* .2%7 -.ul
m.ti .s03 .%s -.lal
-wa l.. ;% -:g
0

I!!ll
4.003 .m33 o

.:.* -.m .0U7 .019
ace -.CS .Cc91 .039
L.01..* am .037
1.CU-.033.Cc77.’333

.040.Cc93-.025
22 .Ulgan-r-.CUO
3.03 .= .Oul -..226
km .rm .Olie-.’=?.
5.6 . .C#10-.OW
6.07 .Zrl .Cf.s9-.0*
8.30 . m -.’W
0.= . ;% :%
r!.15
*.17 i --- 7
L&m . -%3
mm .*3 -J04
10.E3 .933 .3=33-.~
12.e7 1.* .- -,=2
3%% l-w .*44 -.W
0. -.G27 .Cw .a

M-3.m -3-

.L33!tJjo:%% ‘.OU
2.CQ
.I.ol -.ti :3 :%
0 .:a& :Ce540

m% -.W
ii: .070 .W7k -.ola
3.03 .Ilk .Ca5 -as
4.* .L3’l.Ow ---
pJ .193 .0u2 -.0?27

E:@
O.n
2.23.
.$.%

0
. I %

M.95

-o.om
.:.* -J53
-3.03 -.M3
-La -.033
0 -:XCJ
L.a
2.03 m
3.* Jg
M?5

{:3 :%
. .W3

M.16 .5%7
mu .m
Ly

-%

. %%!%

Iu..eo ?d.%ld

m.a l-3.Ocd

1
-i03 -:5
-U.m ..d
-lma -.@
00

::2 :;
3.03 .U
4.0 .li
5.03 a
km .z
8.03 .X
lo. Al

.5:
%17 .64
16
L8. x
ZQ.a .9
z? .*
24.Q9 l.q
00

‘k

.3.

T

LW76O.ml
D14.9.030
0103 .020
C@7 .O10

g <g

@@ :CQ7
01S4-.034

g ::%

X5-i::L7Z
a ---
call .Ca

-L

i

hum 0
.OIn ale
.msa .013
.% 0.1M6

.0%2 -ml
am -.WII
.CuU -.017
:% -.!2%:

.=% ::038
:% -.%

.W.3 G37
w -.m
;% -.%

.gltl::lzl

.S7K -.13

.K.M -.W

.Wz -.C.31
. R

m.m

I

4“3-:.m -.
.3.(M -.*
-1.01 -.C44
0 -.CU?
1.01 .0s
a.= .019
3.03 .15
L* .lcm
5s .*
6.6 .244
S.C9 .330
LO.u .4a
L&u .Zt3
Lk.ti .*
L&m .@?
L&m .769
a.a .6?3
a.33 .*
iks 1.073
0 -.0%

a l%lf=l~l”l%l%l~
Ib&83 E-I.XO” H.30 l-lad

1
-0.c03

.;.04 -.W2
ace -.032
-1.m -.04>
0 -.cai
1.01 .*
$!.02 .039
3.03 .m

.lu
:% .232
6.CT A
8.10 .S
I&u MT
W13 .564
LM6. C.$7
L&m .m
La.23 ;El&
W.-
as lam
*.S l.ca

---
:%
5.

T

.0%7 O.ml

.03Pr .a7

.0103 .Oll

.0s33 X06

.C.%y0.

.Cc66 .@

,03c!9?%
.Ow .Ca
.Qrm .C27
.Cmn .033!
.03M .CW
.W .m
.&as .0$7
.lza

%.170$ .
.2233 .03’9
.Ega .Uo
.= .m
.4334 .IW
X072 .OaH

-0.033 .W76 .ml
.:.03-.=Y .@ .036
,*.CQ-.. .o~ .%
.1.01
0 -.cce .CU74 :COl
1.o1 .037 .Wm ---
U.a m .& -.ca
3.03 .U9 .01c7-.als
ha . .C=9 ---

.036a-.*
Z% .2W .cmo -.032
8.C9 .= .@ -.OU
au .U1 .W6 -.0s
.2.34 .314 .- -mm
.k.16 AZ .12W -.*
6.19 .706 .173A-.C93

g ;jg :=;=

0“ .d .Om -mm

T
Ccm34O.ml
mu .037
D107 .Du
COm ml
Cc& .Ca
Km -.CC9
DaO -.at7

!&J$%
o# -~
m :J07
1499-.133

-.L37
-.*

m ---

I

.S.d

[

&l 0.031
0132 .ce&
W-3 .OM
Wro ,033
C&l .COl
M3d -.0%
m% -..m
MM -.m3

-.030
C=32-.0321-.x

..&
ctw~

:%
-.lu

w -.va
-.163

(C6 .Cnl

. %I%lk
W.93 E-w@&

TIT
0 -am% 0. O.un
3.03 ..16Y .OLim .033
e.03 -.U3 .Ow .a?i
1.= -.W .4X93 am
0 --- .m77 ax+

.@ .Cca3..C09
i% .m .M03 -.CM
Mk .U7 .LIM -.033
k.ti .- .Ca% -.*3

.m .03x -.*
M .329 .Om -.070
8.12 .M6 .C714-J03
10.16 := .L147-.lhl
0 -ml

9

.
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TABLE VIII.- GEOMETRIC CHARACTERISTICSAND WIND-TUNNEL DATA FOR A PLANX
TRIANGULAR WING OF ASPECT RATIO 2 WITH NACA 0005-63 SECTION - Concluded

s

(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
.

1
M-I.70 1.3.cxlO”

1
.03.a O.ce
.0133.01
.ols3 .rx
.0@ .03
-OK+ .00
.0U3 -.0>
.Qm -.W
.01% -.03.
.0249 -.&

:“g :2
.0%3 -.03
.0760 --lo

-.31

::j

.

J
>Kllg

.016’3
mm?
.m
.01z
.0L36
.eml
.C253
.0s0
.03361

-o.ml
.O1o
.Ozo
.Ow

0
-all
-.0=
-.032
-da
-.0%
-.C42
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TABIXEIX.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL
DATA FOR A PLANE TRIANGULAR WING OF ASPECT

RATIO 2 ~~ NACA 0008-63 SECTION
(a) Geometric characteristics

~=-a. ----------- ------------------ ----- :............
...-.::::::: :::: ::- ....----AIrfca■.timt(m

ratuun, -fnt... . . . . . . . . . . . . . . . . . . . . . . .
mm~ti,z,f”t . . . . . . . . . . . . . . . . . . . . . . ~
—,~ . . . - - . . - - - --- . - - -. ---- . . . . . . . . .
Tumt. . . . . . . . . . . . . . . . . . . . . . . . -- --------- 0
Imi&c&~ ...-....-.......................0
. .................................... .
Cd-, rlmcrdu—m ,11=-tataJ*,* ...............0

(b) Data obtained in Ames 12-foot pressure

—
.

wind tunnel

%
—
$5

E
--V
-Jo
-.05
-m
m

.lY

.m

:3.=
d

0

I I I I
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TABLE lx.- GEOMETRIC CHARACTERISTICSAND
FOR A PIANi3TRIANGULAR WING OF ASPECT

NACA RM

WIND-TUNNEL DATA
RATIO 2 WITH

A53A30

NACA 0008-63 SECTION - Concluded
(c) Data obtained in Ames 6- by 6-footzmpersonic wind tunnel

n)6.1. R-l. 00 M.

-3.C5-0.17b0.0.?70Odkl -3.g
-1.X ..’@ J21$ .= -;.>3
-.01 +723
1.X .*5 .G-2x :m3 1.%
3.’W .u6 .02$3..M

.L99 .Oao..cq 1:$
::$ .-m .0?27-.035 6.03

::: :E ::% :% ;$
.Wi .5922.Ja6 KI.66

Lila .337 .u?3k-.132 E2.16
13.70
15.F.?

nH-1

.0% -3.16
411& ~y

.W 1.*

% M
,033 6.31
.C77 ‘7.
.093 9.E
,J43 &3

M.
m 1 1 I # I I I I

b

.—

“

-- —
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NACA RMA53A30

TABLE X.- GEOMBI’RICCHARACTERISTICS AND WIND-TUNNEL
FOR A PLANE TRIANGULAR WING OF ASPECT RATIO 4

WITH 3-PERCENT-THICK BICONVEX SECTION
(a) Geometric characteristics

All c%mendonsshownin&mhes

/

--

t-
f8.0s~16.69—

I
18.66

1

ABIEctratt’a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . b
‘W-r-tic. . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . . 0
NrfOLlmctf.m(.traaahl SO]. . - - . . . - . . . . . 3-Wromt-tMckbk-xmx
Wtda-ea,.cuuefc et. . . . . . . . . . . . . . . . . . . . . . . . . 2.425

nn=~.-,~,f=t- . . . . . . . . . . . . . . . . . . . 1.0s
~.@==s. . . . . . . . . . . - . . . . . . . . . . . . . . - - . . 0
l%lst,~ee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Imidmce, d_s. . . . ... . . . . . . . . . . . . . . . . . . . . . . . 0
C8mbor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IIOne
DistMce, wurefmenc* ~lmmtob~~,feet . . . . . . . . . . . . . 0

75

DATA

(b) Data obtained in Ames 12-foot ~ressure wind tunnel

a %

~.a E-2.WJP n M-O.* E-2.’Ba@ n M-.3.25R-5.ua& n K=O.2Y R.9.lxl&

IT
.O.OU 0.CC6T0
-.053.a09 .024
-.col .0x37o
.C59 .W%-.CQ5
.115 .0118-.mg
.17= .Ol?r-au
.22!sam? ..m4
.2s4 .0302-.015
.3= .du% -.OI.6

:3 :j$J :3

.697 .Is19-Lilt
-.OU .aw -ml

I

.
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TABLE X.- GEOMETRIC CHARACTERISTICSAND WIND-TUNNEL DATA
FOR A PIANE TRIANGULAR WING OF ASPECT RATIO 4 WITH

3-PERCENT-THICKBICONVEX SECTION - Concluded
(c) Data obtained Ames 6- by 6-foot supersonic wind tunnel

.

.

.

.
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TABLE XI.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA
FOR A F’IANERECT~GUIAR WING OF ASPECT RATIO 2

WITH 3-PERCENT-THICKROUNDED-NOSE SECTION
(a) Geometric characteristics

All dimensions shown in inches
uniess otherwise noted

*20”25— —i3.23 -

i3.23

----
-------

~.,..o m

Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . ...--..2
Taper ratio . . . . . . . . . . . . . . . . . . . . . ● . . . . . **. . ● 1
Airfoil section (streeumise) . . 3-percent-thickbiconvex with elliptical nose
Total area, squaxefeet . . . . . . . . . . . . . . . . . . . . . . . . 2.430
Mean aerodynamic chord, ~,feet . . . . . . . . . . . . . . . . . . . . 1.102

Dihedral, degrees . . . . . . . . . . . . . . . . . . ● . . . . ● . ● ● ● ● O
‘lwlst,degrees. . . . . . . . . . . . . . . . . . . . - . . . . ● . . . . ● O
Incidence,degrees. . . . . . . . . . . . . . . . . . . . . . .= . . ● ● . 0
Caniber. . . . . . . . . . . . . . . . . . . . . .8 . . . . . . . . ● ● “ None
Distance, ting reference plane to body axis, feet . . . . . . . . . . . . . 0

s

.

-
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TABLE XI.- GEOMITRIC CHARACTERISTICSAND WIND-TUNNEL DATA
FOR A PLANE RECTANGULAR WING OF ASPECT RATIO 2 WITH
3-PERCENT-THICKROUNDED-NOSE SECTION - Concluded

(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

-4

n

.

a

. .
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GEOMETRIC CHARACTERISTICS AND

79

TABLE XII.-
FOR A PIANX 4F SWEF’TBACKWING OF ASPECT RlfI’102

WTTH 3-P~CENT-TEICK ROUNDED-NOSE SK?TION
. (a) Geometric characteristics

dimensions shown in inches
unless otherwise noted

r
------~
——
..----”

e-

-

.

b6.6/+

-—/8.05 ~/9.84 ~

- 46.93

Aspect ratio . . . . . . . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . . . . . . . .
Airfoil section (streamwise) . . 3-percent-thLck
Total area, square feet.. . . . . . . . . . . .
Mean aerodynamic chord, C, feet . . . . . . . . .
Dihedral, degrees . . . . . . . . . . . . . . . .
!l?wlst,degre es...... . . . . . . . . . . . .
incidence, degrees . . . . . . . . . . . . . . . .
Caliber. . . . . . . . . . . . . . . . . . . . . .
Distance, wing reference plane to body axis, feet

. . . . . . . . . . . . .
. . . . ●33;
ellipticalnose
. . . . 2.430
. . . . 1.194
. . . . . . 0
. . . . . . 0
. . . . . . 0
. . . . . None
. . . . . . 0

. . . . . . .
biconvex with
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
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TABLE XII. - GEOMETRIC CHARACTERISTICSAND WIND-TUNNEL DATA
FOR A PLANE 45° SKEFTBMK WING OF ASPECT RATIO 2 WITH

3-PERCENT-THICKROUNDED-NOSE SECTION - Concluded
(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

.

—.
.

.—

a
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NACA RM A53A30

TABLE XIII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA
FOR A PLANE TAPERED WING OF ASPECT RATIO 3.1

All

WITH 3-PERCENT-THICKROUNDED-NOSE SECTION
(a) Gecmetric characteristics

dimensionsshownin Inchesn t
1642

-r=H&b’==a
~ ~q

1?

1947 2.43

5.68
5.95 1-

15.32

1

1===~
ABpect ratio. . . . . . . . . . . . . . . . ...””””” ““” ””””.*

3.ch9

Tqerratid ... . . . . . . . .........”...”.. .. -”.
Airfoil section (Aremw+ae) . . . 3-prrcent-thick bi-m with elliptical Im@e

Tutdarea, sqme feet. . . . . . . . . . . . . . . . . . . . . . . . .
2.423

Menn*er4y7mmic ciXXd, E, f-t...... . . . . . . . . . . . . . . .
.5Q4

“Dih&al,demees.. . . . . . . . . . . . . .-.....”.... .“”,.
o.-

Tw5st,dw-s. . ..- . . . . . . . . . . . . . ............. “

Iaciclence, dwrees. . . . . . . . . . . . . . .........”.. ::”Ho~
Ca!lber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Distance,wingreferace PJ.aoetobodyds, f-t . . . . . . . . . . . . . 0

(b) Data obtained in Ames 12-foot pressure wind tunnel

a = CL CD cm Y = cL CD ‘% a cL CD %

wO.25 R-2.kx10s K=O.& R-2.bx10e M-3.25 R-k.&lOa M-o.25 R&.wOO

l-nrmnln mdlln. mla -1-. nl I.n. ml ICI. (Y(5 =. I-o.mlkl o I-o.cmto.w72Io 0 “1-0.01310.CIYE JI-O.W1

..
0

-.71
0
1.01
2.02
3.02
4.03

2:$
8.07
lo.@
1.2.IJ.
lk.12
16.12
18.11
ZW.I.2
22.I.2
24.13
26.lb
28.14
i-l

—... . .,
- .ok~
-.007

.04k

.*

.145

.212

.265

.?a

.453

.%1

.-(02

.772

.723

.7M

.?23

.759

.810

.8W

.-
-.010

-.—
-g

.Oz

.lL3

.170

.238

.W1

.m

.503

.639

.699

.7U5

.692

.7=

.--PI

.rm

.8s

.87k

.W
-.cn5

_.-__~
.cx376
.0367
SO-@
.OI.03
.OI.32
.01%
.a

.OWJ

.0712

.*

.lyl

.lW

.2166

.2539

.2W

.3340

.3915

.M84

.5JJ15

.CC179I

. ...—
- SKIT :.71
-.W3 o
.CK13 1.01
.O1o 2.02
.0L3 3.@
.017 4.03
.=3 5.~
.025 6.05
.o18 8.o7
-.o1o I.o.lo
-.055,12.1-1
-.078 14.I.2
-.079 16.11
..0s3 18.u
-.079,20.L2

-.W7

-!oia
- .m
.045
.m
.155
.212
.273
.332
.449
.597
.708
.732
.-/u
.708
.731
.W
.&a
.855
.ea

.Oti

.01J52 1
-.0C5 -.71
-.W2 o
.024 1.01
.038 2.o1
.OI.23.02
.017
.CQ1

4.03
>.04

.026 6.o5

.Ow 8.o7

.0L3 o;OJ
-.036
-.073 0
-.@
-.078
-.091
-.cis3
-.089
-.093
-.093

-.03
-.OE?

.037

.077

.149

.ZQ6

.s5

.3s

.441

.533

.721
-.W7

AC& - .0c4
.C072 -Ku?

.m68 .033

.Wb Jx6

.C@ .~

.0157 .Olk

.0271 .o17

.@@ .023

.* J=&

.1C63

.1%5 -.034
J13m .010

J- 1
0------- _-

H I
. . -.00’7 .CCiK -.=

I u I I I I

a==&Mab.
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TABLE XIII.- GEOMETRIC CHARACTERISTICS AND WIND—TUNNEL DATA FCIRA PIANX
TAPERED WING OF ASPECT RATIO 3.1 WITH 3-PERCENT-THICK

ROUNDED-NOSE SECTION - Continued
(c) Data obtained ln Ames 6- by 6-foot supersonic wtndtunnel

-=s=-

.

0

.

.



NACA RM A53A30 83

.

.

TABLE XIII.- GEOMIK!?RICCHARACTERISTICS AND WIND—TUNNEL DATA FOR A PLANE
TAPERED WING OF ASPECT RATIO 3.1 WITH 3-PERCENT-THICK

ROUNDED-NOSE SECTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel- Concluded

lbl.63 H.4CJJY I

.

.
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TABLE XIV.-

NACA RM A.53A30

GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR
A TRIANGULAR WING OF ASPECT RATIO 2, CAMBEREDAND TWISTED

FOR A TRAPEZOIDAL SPAN LOAD DISTRIBUTION
(a) Geometric chmacterfstics

All dimensionsshownIn
unless oiherwbenoted

Aepectratio. . . . . . . . . .
Taperratio . . . . . . . . . .
Airfoil section (streamuise). .
Total area, sqwre feet . . . .
Mean aerbiynamfcchord,E, feet
Dihedral,ileg’rees. . . . . . .
Twist, degrees. . . . . . . . .
Incidence,degrees . . . . . . .
Caliber. . . . . . . . . . . . .

. .

. .

. .

. .

. .

. .

. .

. .
**

. . . . . . .
● ☛✎✎✎✎✎

✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ..0...

. ..*..*

● .****.

. ● *..**

.* .****

. ...***

Distance,wing referenceplane to body axis, feet
Design lift coefficientat M=l.53 . . . . . . . .

-.

.

.. *.**. ● ✎✎ **O 2

. ..0.. . . ..*O . 0
● ☛☛☛☛☛☛ ● .NAC!Aoc05-63
.* .*... ● ..* 4.014
. . ...0. ● 0.0 1,889
. . . . . . . .9

. ...*** ● *

. ● *..*.* ●

. ..*.*. . .

. . ...*. . .

● .* .**.* ●

..*. o

. see fig 1

. . . . 0

. see fig 1

. . . . 0

. . . 0.25

.

●
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TABLE XIV.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
TRIANGULAR WING OF ASPECT RATIO 2, CAMBERED AND TWISTED FOR A

TRAPEZOIDAL SPAN LOAD DISTREKJTION - Concluded
(b) Data obtained in Ames 6- by.6-foot supersonic wind tunnel

mH. .mrl.@ K-3.Q
0.030.037 0.Ol& +.013 O.10 o.W

-1s -fi .o1137 -.CW L .Ua
.2.OY -d .@%
-9Q3 -.084 .0236 ky y ~
.03 .037 .W -.O1.2 . .W

1.C4 .0?7 .OW -.CQ3 5. .W7
2.U .UT .U22Y -.0

2
.*5

3.lt .139 .@26Y - 3 i .@
b-u -m .o?Jk -453 loo .
s.= .232 am -.@? u. .m
6.a .ti .c& ;.O& 13. .641
7.63 .
9. .37 .0775 -k96 mm-. Km&

0.0E4-0.OM O.lh 0.064
.032.?-.(U9-1.01.m
.CU!3 -.cca -2.1>-.m
.cun -.0Y5 -3a -J21

:Sz ::% 1:s :%
.0322 -.LW 2A0 .176
.0M6 -m 3.3Y .Za
.0543 -.w L.63 .27Y
- -m 5.75 .3%
.3933 -.IW 6.3S .336

8.97 .*
10.23 .545
u-% -6?8
13.63 .7u1

b. ●

4.0U7 -&d
.Wa --033
.Ol& .013
.2=216 .016
.0121 -.033
.01T?3 --02+

Al
.0V3 -.0
.C12m
.CQm -.WX
.- -.037
.035+ -m
.@78 -.073
.ca19 -.092
.M -.I06
A379 --=2mw. R-7.

O.u O.* .0U?3 .m6
-.99 .M7 .0S7 -d

4.IY -.U51 .0173 .LM
1.* .UO .@ -.@
2.ha .lm .0167 -.*
3.54 .& man -.G51
km .Y5 .02a -*
%a .365 .Owr -an
6.54 .= .&& -.c#
8.63 .W .- -.lc9

# I I [
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!lYiBLEXV.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNl?LDATA FOR
A TRIANGULAR WING OF ASPECT RATIO 4, CAMBERED AND TWISTED

FOR A TRAPEZOIDAL SPAN LOAD DISTRIBUTION
(a) Geometric characteristics

A// dimensions shown in inches

unless otherwise noted

<_.+-—— l.~ “2“f7____
\7

‘K4
r~

* 450

➤5s7

—-—

ASpect ratio . . . . . . . . . .
!l?aperrati o...... . . . .
Airfoil section (stresmwise). .
Total mea, squarefeet . . . .
Mean aerodynamicchord, ~, feet
Dihedral,degrees . . . . . . .
Twkt,degrees. . . . . . . . .
Incidence,degees . . . . . . .
Caliber. . . . . . . . . . . . .

---+
—-—-=-
.-” -

-1

● ✎☛☛

✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎

● ✎✎☛✎

✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎

✎ ...0

● .**.

● .*.*

. .

. .

. .

. .

. .

. .

. .

. .

. .

● ✎✎✎☛✎☛

● ...0..

. . . . . . .

. . . ...0

. . . . . . .

. .* ..*.

. . . . . . .

. .* ***.

*. .*..*

Distance,wing referenceplane ta %ody axis, feet . . . . .
llesignlift coefficientat M=l.15 . . . ~ . . . . . . . .

. . .
● ✎ ✎

✎ ✎ ✎

✎ ✎ ✎

*O.

. . .

● .*

● *O

..*

● .*

. . .

.* *.. 4

●&; b&6;
. . . 2.007
. . . .944
. ..*. o
. . see fig 1
.* *.* o
.* see rig 1

● ..** o
● ** 0.35

.

.

.



NACA RM A53A30
87

TABLE XV.- GEOMETRIC CHARACTERISTICS AND WIND—TUNNEL DATA FOR A
TRIANGULAR WING OF ASPECT RATIO 4, CAMBEREDANDTWISTEDFORA

TRAPEZOIDALSPANLOADDISTRIBUTION- Concluded
(b) Data obtained in Ames 12-foot pressure wind tunnel

.

.

I 1 t 1 I I 1 1 I 1 I I

1“1 ,.. .-. . .–e—. . ..

L-l
. . m- -z. -m- -z %%= ‘% %%- .%. ‘% % II M.&m E-L.7a0~I l-a.% l-1.5.a!fI K-0a m+l%d I M.a.s5 w.mcFllt-3.15M.O&l

(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel
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TABLE XVI. - GEOME?IRICCHARACTERISTICSAND WIND-TUNNEL DATA
FOR A PIAXE TRIANGULAR WING OF ASPECT RATIO 4

WITH NACA 0005-63 SECTION
(a) Geometric characteristics

All dimensions shown Ih Ihches
unkss otherwise noted

/
- ,—

—----x+ l\ I

-----—-— ---
--”-

1
/zoo

—

‘

.

Aepect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Airfoil section (streamwise). . . . . . . . . . . . . . . . . . . . .
Total area, squm-e feet.. . . . . . . . . . . . . . . . . . . . . .
Meanaerodynamic chord,5, feet . . . . . . . . . . . . . . . . . . .
Dihedral, degrees . . . . . . . . . . . . . . . . . . . . . . . . . .
Twist, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inciclence,degreea . . . . . . . . . . . . . . . . . . . . . . . . . .
Camber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Distance, wing reference pl&ne to body axis, feet . . . . . . . . . .

. . . . . 4

“rtici&Mi5-6!
. . . . 2.007
. . . . .944
. . . . . 0
. . . . . 0
. ...* o
. . . . None
. ...0 0

.

.
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TABLE xvi.- GEOMI?ZRICCHARACTERISTICS AND WIND-TUNNEL DATA
FOR A PIANX TRIANGULAR WING OF ASPECT RATIO 4 WITH

NACA 0005-63 SECTION - Concluded
(b) Data obtained in Ames 12-foot pressure wind tunnel

(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

89-
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!TABLEXVIIs- GEOMETRIC CHARACTERISTICS AND WIJW1-TUNNELDATA FOR A
3-PERCENT-THICKTRIANGULAR WING OF ASPECT RATIO 2, CAMBERED AND
TWISTED TO APPROXIMATE AN ELLIPTICAL SPAN LOAD DISTRIBUTION

(a) Geometric characteristics

(b)

A# a?nwnste+w #banh ha%
lmb88 -s9 1741w

A9p.act ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2

Taper ratiO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

Alrfoll necticm(mtrwmwise) . . . . . . . . . . . . . . . . .. NACAc033-63
Totnlnrea,equerefeet.. . . . . . . . . . . . . . . . . . . . . . . 4.014
Mecmaercdynmlc chcm3,.?,feet . . . . . . . . . . . . . . . . . . . 1.889
Dihedml, degreea . . . . . . . . . . . . . . . . . . . . . . . . . ...0
9Wist,decks . . . . . . . . . . . . . . . . . . . . . . . . ..see Hg. 3
Incidence,degmea. . . . . . . . . . . . . . . . . . . . . . . . . . ..0
camber . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..2ee Fig.3
Mmtance, wingreferenceplaneto bcdyaxis,feet . . . . . . . . . . . , 0
Deaignlift.ccefficlentat M - 1.53 . . . . . . . . . . . . . . . . . 0.25

Data obtained in Ames 12-foot pressure wind tunnel

a CL % cm a % % I
cm acLycm

U-3.25 R-4.9x10° l.1-o.~ R-k.WO* M4.25 R-9.3x10s
0.01 -0.0430.00790.010 -0.01-o.o~ o.o~ O.OJJ -0.01-o.o~ o.~ 0.010
-.72 -.076 .o117 .Os$ -.72 -.078 .0137 .015 -.72 -.075 .0127 .o14
-.01 -.CA3 .0099 .010 -.U -.ti .o~ .o~ -.01 -.043 .~ .o~
1.WY .0C6 Ku&g .g 1.CO o .0U2J).Co4 1.CO o
2.01 .039 .&4 .LK@ -.UE 2.01

.OM Lx& .g

3.02 ,082 .0037::C07 ;:% .036 .0105-.
4.03 .122 .0102-.o12 4.03 .la .OIJg..3 t% :E :% XI
!Lok .~ .OLq -.OU q.oh .162 .O1.39-.C20 5.04 .L56 .0130-.urr
6.07 .20C .a63 -.022 6.05 .2Q3 .0174-.0% 6.05 .ly .0158-.021
8.u7 .Zp) .0245-.032 8.07 .28C .0261-.036 8.o7 .@ :% -.~~
,0.10 .ml .04y3-.@6 10.10 .382 .0496-.052 10.C9 .3
2.12 .464 .0742-.0% 12.1.3 .490 .C843-.064 K.12 .43 .Cr-@::@
4.1s .554 .lloc-.063 14.16
6.17

.%= .@ -.072 Ik.15 ;% .K& -.cg
.&% .1!!69-.073 16.18 .696 .1746-.082 16.17 .7% .m3 :.ti

8.20 .759 .2105-.004 18.21 .791 .2295-.C92 18.20
0.23 .844 .2746-.095 20.24 .395 .29% -.I.0520.23 A& ::27:-:094
2.25 .971 .3W?2-.103 22.26 .977 .36=2-.U5 22.2s -.3.06
k.28 Lo% .4225-.I.1624.29 1.094 .451.3-.13A 24.28 1.* :W -.U4
6.31 1.181 .5245-.132 -.045 .0125 .O?J 26.31 1.1% .5114-.@
8.33 1.233 .- -.13
-.01 -.043 .W .010 .o112 .010

—
a

x
6Z
-.7
-.c
1.C
2.C

i?::
5.C

:::
D.c
2.3
4.1

::;
-.c

—

CL % cm

7 R-16.&lOe
0.0430.OIJ.2O.o1o
-.078 .03.29.o14
-.& .OJx. .010
sol .0c99 .CQ4
.039 .CQ93-.COl
.077 .@396-.W
.I.12.0104-.011
.147 .0123-.OI.6
.184 .0L48-.021
.256 .021.5-.Oa
.343 .0377-.042

:% :% ::%;
.628 .1463-.072
.723 .l$%l-.oea
-.048 .o115 .O1.o

.

—

.

.

.

.
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TABLE XVII.- GEOMETRIC CHARAC’ll!lRISTICSAND

91

WIND+TUNNW DATA
FOR A 3-PERCENT-THICK TRIANGULAR WING OF

c~ ~ TWISTED TO APPROXHE AN ~~IC~ ‘
ASPECT RATIO 2.

SPAN IOAD DISTRIBUTION - Concluded
(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel



~LE XVIII.- GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL DATA FOR A
~-mCENT-THICK mmmuLAR wmG OF -CT RATIO 2, CmmRED m

(a) Gmmetric characteristics

AH dfmendons@ownIn ids

Wsss OmSrefseneied 1

Aspect’ ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..:

lkperretio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

tiofisection (stremmtee) . . . . . . . . . . . . . . . . . . . . .. NAoAoxw5?J

IW.slar ea,sq marefe et.. . . . . . . . . . . . . . . . . . . . . . . . . 4.014
=aee~cchor%z,reet... . . . . . . . . . . . . . . . . . . . 1.e89
Dihedral, degree a..... . . . . . . . . . . . . . . . . . . . . . . . ...0
!%ist, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..me f@3
Incidence, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..0
Camber. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . see fig 3
Distance, wlngreferencephne bbodyaxis, feet . . . . . . . . . . . . . . . 0
hsignlift coefficient at M-1.53 . . . . . . . . . . . . . ...9 . . . . 0.s!5

(b) Data obtained in Ames 12-foot pressure wind tunnel

-0.01
-.68
-.01
1.(XI
2.01
3.02
4.03
5.04
6.0.5
8.07
Lo.@
1.2.XL
14.14
L6.16
L8.19
20.21
22.2J+
?4.26
26.*
?+3.31
29.62
-.01

I Zoo

a~&6 o.0@2 O.cag
.0103.013

-.036.@6 .029
o“ .cK165.004
.039.0367-.032
.083mC8g-.008
.122 -.013
.Ma .0133-.018
.19 .0166-.022
.271.0248-.og
.344.0348-.041
.427.0511-.053
.507.0755-.065
.601.lxll-.079
.697.1694-.089
.799.2297-.104
.W5 .2S38-.u6
.S+S3.37L5-.X23

;:;: :$: ::%
l.lgg.~y3 -.ul.11
-.038.0094.010I

M=O.&)R=4.5%lC#

-0.01
-.62
..01
1.00
2.01
3.02
4.03
5.05
6.o5
8.07
Lo.lo
L2.12
L4.15
L6.18
18.20
20.23
22.26
?4.28

0.03s
-.072
-.o~
.CLY2
.04
.089
,131
.165
.2Q4
.282
.368
.457
.559
.675
.763
.876
.967

1.05g

L:(J 0.010
.015

.0108.010

.0093.003

.COgl-.004

.0096-.o1o

.0113-.016

.0132-.021

.0166-.026

.0246-.036

.0371-.048

.@gl~:~

.0959

.1472-.~

.2077-.~

.2759-.1o7

.3460-.121
J+248-.134

-0.01 .
-.68
-.01
1.(XI
2.01
3.02
4.03
5.04
6.05
8.07
Lo.@
L2.u
L4.13
1.6.I.6
L8.19
20.22
22.24
24.27
26.29
28.31
30.03
-.01

-0.036 0.01020.OCg
-.058.Ollg.014
-.035.0104.Oog
.003.W .c03
.044.CQg6-.cK12
.085ml=?-.CQ8
.1.23 -.013
.1* .0137-.018
.196.0L54-.023
.269.0232-.032
.341.0327-.041
.426.0491-.053
.507.0750-.066
.6% .u76-.079
.71.O
.&4 :Xl ::%?
.915.3041-.u8
yxxJ .3795-J-2-7
. .4586-.136
1.183.5555-.144
1.248.6376-.1P
-.036.0093.WJ

1 1 !

EEElz
lbo.~ R=16.6xl&

-0.01 -0.037
-.72-.067
-.01-.039
l.m .m2
2.01 .044
3.02 .085
4.03 .LL9

.154
2:$ .196
8.07 .26g
LO.@ .345
12.11 .433
Lk.14 .514
L6.I.6.615
L8.19 .731
?0.2? .833
%.43 .884
-.01-.037

I

IJxt&O.w
.Olj

.0095.m

.C037 .033

.00w

.O1oo
-.IXI
-. OcJ

.O111 -.013

.0130-.017

.0154-.023

.0223-.032

.031.7-.042

.Q4’82-.055

.0724 -.(%7

.la55-ml

.1762..*

.2359-.107

.27--.llb

.0102.c03

*

.

,

.

.

.
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TABLE XVIII.- GEOMETRIC CHARACTERISTICS AND WIND—TDNNEG DATAFORA
5-PERCENT-TIUCK‘IRIMWUIARWINGOF ASPECTRATIO2, CAMBERED

AND TWISTEDTO APPROXIMATEAN EUJPTICALSPAN
LOADDIS’ITUBUTION- Concluded

(c) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

93

. I = CL %% -%%’=

M-2.% n.3AU0* I M-1.30 n.3Jx0= n K-1.53 F.-3.CWU!Y H M-1.?o l-3.0C104

.
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TABLE XIX.” GEKMETRIC CHMW%ERISTICS AND WIND=TUNNEL
DATA 3?ClRTHE BODY ALONE

(a) Gcmnetric.characteristics

Aildimensfam shown In inches

Moment center 29.66.—4

A33A30

.

.

I I

+.— -F- -—-—-f -—.—-
A I

Ac+malfineness ratio (based on length b) . . . . . . . . . . . . 9.M
Fineness ratio (based on length 2) . . . . . . . . . . . . . . . 12.5
Cross-sectionshape.... . . . . . . . . . . . . . . . ..C~CdU

Maximum cross-sectional area, square feet . . . . . . . . . . . o.E35
Ratio at mRximumcross-sectionalarea of body to area of
wings used in conjunctionwith bcdy . . . . . . . . . . . . . 0.05@

Distanceto the moment centerfrom nose, feet . . . . . . . . . 2.471

.



NAC!ARM A53A30

TABLE xix. - GEOMETRIC CHARACTERISTICS AND WIND-TUNNEL
DATA FOR THE BODY ALONE - Concluded

(b) Data obtained in Ames 6- by 6-foot supersonic wind tunnel

95

.

.

.

NOTE: Coefficients are based on an area of 2.425 square feet and a
moment arm of 3.911 feet.

.
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TABLE XX.- COORDINATES OF 3-PERCENT-THICKROUND-NOSE SECTION

x
Percent c

o
1.25
2.5

?.5
10
15
20

50
f%
70

Y
Percent c

o
●333
.w3
.653
●790
.900

1.071
1.200

I 1.375
1.46g
1.5(M
1.440
1.260
, .960
.765
.540
.285

100 to
L. E. radius: 0.045 percent c

v

.

0
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n
“-m :8 -.6 -.4 :2 0 .2 .4 .6 .8 LO

Spffnw&e station, ~

47) *unwise load distrtiution.

.04 ~

x

.02 “
~Leadhg edge &2s+// -

0
\ I

-.02
\ , i‘

-.04 \ /
/

\
-.06 / /

surtbce traceJ h /
% . /

-.08
-

-Lo -.8 -.6 -.4 -.2 0 .2 .4 .6 .8 10

Local sponwise stution, +

(b) Shape of combered ond twisted surfuce.

Figure k- The sponwise Iood distribution and meun surfuce
for the trionguhr wing of aspect ratio 2 cambered and
twisted for a trapezoidal spunwke load d“strlbution.
Design lift coefficient, 0.25; design A40ch number, 1.53.
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/.0

,8

.6

.4

.2

0
0 .2 .4 .6 .8

z+ 4°

.

s

Figure 2.- The semispun Iood distributions corresponding to
vurious vulqes of n in comparison with an elll~tlcal loud
distribution.
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*

*

.

s

w

.

.04
- Leading edge

.02 i -A /“

\,

0
\

-.02 Y

$-.04 \
\

-.06
Theoretical

surface frace~
-.08

Modified
-surface trace

+0

-%0 :8 -.6 :4 72 0 .2 .4 .6 .8 LO
Loco/ spanwise station,+

[a) Theoretical wing and modified wing.
o

-.02 / \ Sheared

/ “
leading edge

-.04 . .

x

‘.06 / 1

F
:08

Sheared 8 modified
surface frace 7

-.10 / / \

-./2

-%.0 -.8 ‘.6 -.4 -.2 0 .2 .4 .6 .8 /.0

Local spanwise sfation, #-
(b.) Modified und sheared wing.

Figure 3.— The mean-surface shupe for the triangular wing of
aspect ratio Z cambered and twisted for a nearly e/lipti-
COI spanwise load distribution. Design lift coefficient, 0.25’
design Mach numbe~ /.53.
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.032

.024

.0/6

.008

0

I

.M

&@””~@

#*=-
d ~

—Lom7x Ono’Sluder
------- Weissinger
—— Exact
—-- Lt7wrence

#</e * M>/

4 3 2 / o / 234
i3A

&
Q (a) Triuffgu/ffr wings.

.040
I I 1 1 I I I I

u-

~~

“\\

.=*4=4 \
/./” - ‘\\

— Lomax and SAkter A

------ Weissinger

.008 —-— Exact (Ref 27)
—- - Lowrence

.

.

.

*

Figure 4.-
gulor

32 / / 23 4
P;

(b) Recfangu/ar wings.

the lift -curve slope for tfiangulor and reeton -
wings from severol theoretlcot methods. .

.
=
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60-

50

40 0-/ Lomax and Sluder#
---- ------ Weissthger------ --~

30 / — -.— Lawrence
./-

~
~ 20

/0

M-=1- *M> I
04 ~ z

/ o / 2 3 4
BA

(a) Triangular wings.

‘rI--k&n— Lomax and Slude
------- Weissinger

40 —-— Lawrence
—--— Exact [Ret 27.)

30
--- —-- ------ .__--- ------ 1

—-_
20 --h.

<
>

10
\ %

M<Iw v ~ M>/
o

v

I I I =@=-l
-/04 j

2 / o / 2 3 4
PA

(b) Rectangular wings

Figure 5. — The center of pressure for triangular and rec-
tangular wings from several theoretical methods.

~? “
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(ff) Triungulffr wings.

.8

~ - — — — — — — — — — — - —
F

.6

2 z

e
a

g
~ .4

.2

, ,
~<1~ ~M#

04 3
I

2/ / 234
;A

(b) Rectangukv wings.

Figure 6.— The ratio of the inclhution of the lift-force
vector from the normul to the wing surface to the
ungle of ottuck os determined by theory.

,

.

.

.
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Figure Z— The lift-curve slope of phe triangular wings
3 percent thick.



_4048/2i6

Angle of affack, a, deg

Figure 8. — The variation of lift coefficient with angle of attack for plane triangular wings

3 percent thick,

.



‘“

60 E!

-0 ,2 ,4 ,6 .8 j,o ~2

Mach number, M

Figure 9.- The Iocdion of the aerodynamic center

3 percent thick.

1.4 /.6 /,8 2,0

of p/ane triangular wings
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.04

0

-.04

-.08

-.04

-,08

-./2

:/6

-.20

’24

.04

0

-.04

-.08

-./2
I t 1

1 , 1 t , t , 1 , , , I

I I I I

“ 4.9 3.0 3.0
I I

--it31M& 3./ /.9 1.9I

1 1 1 1 - I , —

I I I I I I I I I 1
I I I I/14=/.53

II 1 I 1
I I

\

2 0 .2 .4 .6 .8 LO /2 14
Lift cot?fficient, c’

Figure /0.— The variation of pitching-moment coefficient
with lift coefficient for #une triangular wings

3 percent thick.
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.024

.016

cDmin

.008

0

A

—-—4 *+

—

o .2 .4 ,6 .8 Id /.2 /.4 L6 18 20

Mach number, M

Figure IL-The minimum drag coefficient of

3 percent thick.

plane Iriangulffr wings
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Figure /.. — The ratio of the inclinufion of the force vector from Me ~

normol to the angle of attack for plane tritmgulor wings 3 percent ~
thick. ??
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/8
A

—2 ~+’
/6 .--..---3 ,=*

—-— 4 ~+
/4

/2
.-
N

/0 - — ~ ,

8

6

4

2

00 .2 .4 ●6 .8 ,0 ,2 ,4 ,6
18 2’.0

Mach number, # “ “

.3 r
I

.2
‘--

— m ~ ~
A

y - — — —
—

—2~j#
./ ------- 3 #&

4 ‘—-—4 *
o 1 1 1

0 .2 .4 .6 .8 10 /2 /.4 /.6 18 20
Moth number, M

Figure 13. — The maximum Iift-dreg rutio and optimum lift

coefficient for plane triangular wings 3 percent thick.
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Focifi?.Y
o 6k6’n!r-
“ 2k2’M!r
o /2’MT
V /6’JK~ bump

— Theory

./0
I

.08 ‘ $%?%$
h\
.“

~p.06 A
I

— —

I I I

(b” A=3

m

.

Figure 14 — The lift-curve slope for plane wings 3 percent
thick ffnd having different types of plun form.

n
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Focilty
o 6i6’UW
o 12’ MT
V /6’ WZ bump

— Theory

.06

.04

.02

.08

.06
a/-

+ T?
.04

.02 I ! I
0 .2 4 .6 .8 10 L2 14 16 L8 20

Mach number, M

Figure /4. — Concluded.
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Figure /5- The variation of fift with angle of uttock for plane wings of

3 percent thick, and having different types of plan form.
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.

IQ
M

Fuci}ty
o 6k64 u! r
❑ 2k2’n!r
o /2’l%!r
v 16’UW bu/&o

— Theory

60 -

&+
40

20 “ e @

00 .2 .4 .6 .8
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Mach number, M

(o) A=3

Figure 16.—The aerodynamic center for plane wings 3 percent
s

thick and hoving different types of plan form.

.
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Figure lZ— We variation of pitching-moment coefficient
with lift coefficient for plane wings of aspect ratio
3, 3 percent Mick, and having different types of
phn form.
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Figure H-The minimum drag coefficient for plane wings 3 percent thick and

having different ty?es of plan form.
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Mach number, M

Figure /9.— The ratio of the inclination of the force vector from
the normal to the wing to the angle of uttack for plane
wings 3 percent thick, and having different types of plun form.
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